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(U) 

(Article  Unclassified) 


Paul  P.  Peterson 
Rockwell  International 
B-l  Division 
Intermit ional  Ai  iport 
I.os  Angeles ,  California  90009 


ABSTRACT.  (U)  A  new,  lightweight,  high-performance ,  50- inch 
ejector  has  been  developed  for  the  B-l.  While  its  primary  use  is  for 
nuclear  weapon  carriage  on  rotary  launchers,  it  is  also  used  to  carry 
conventional  stores.  Two  large  Navy -developed  cartridges  provide  high 
energy  over  a  long  period  of  time  without  imposing  severe  peak  forces 
on  the  ejected  store.  A  gravity  backup  release  system  is  provided,  to¬ 
gether  with  nuclear  safety  and  ground  safety  locking  systems. 

High  peak  gas  pressures  such  as  10,OUO  to  15,UU0  psi  are  used  in 
the  new  ejector.  This  promotes  unusually  clean  burning  and,  therefore, 
the  ejector  requires  little  maintenance.  The  use  of  the  ejector  on  the 
B-l  is  briefly  described  and  the  constraints  driving  the  design  are  out 
lined.  Uevelopment  status  of  the  new  ejector  and  schedules  for  future 
tests  am  described. 


Approved  for  public  release;  distribution  unlimited. 
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TIIH  B-l  30- INCH  I-JI-CTOR 


A  new  long-stroke,  lightweight,  high-performance  ejector  lias  been 
designed  for  suspension  of  large  weapons  aboard  the  B-l.  First,  a  look 
at  some  of  the  constraints  surrounding  the  design  of  the  ejector.  The 
B-l  (figure  1)  shows  AGM-69  missiles  in  the  forward  bay,  nuclear  bombs 
in  the  center  bay,  and  decoy  or  other  type  missiles  in  the  aft  weapons 
bay.  While  these  stores  are  all  of  nuclear  configuration,  the  ejector 
is  also  designed  to  carry  large  conventional  weapons  such  as  MK84  and 
other  weapons  using  50-inch  suspension.  The  ejector  lias  been  designed 
essentially  around  the  requirements  for  the  AGM-69  missile,  which  weighs 
2,245  pounds  and  is  168  inches  long.  The  weapon  mounts  to  a  rotary’ 
launcher  as  shown  in  figure  2,  and  consists  of  a  cluster  of  eight 
weapons  mounted  to  a  tubular  structure.  Sway  bracing  is  done  on  the 
launcher,  rather  than  the  ejector.  The  launcher  is  of  a  clip- in  type 
with  rotational  loads  taken  at  the  forward  end,  and  fore  and  aft  loads 
taken  at  the  aft  end.  An  electrohydraulic  drive  mechanism  rotates  the 
launcher  so  that  weapons  may  be  launched  at  short  intervals.  In  order 
to  create  an  efficient  structure  for  the  rotary  launcher,  the  ejector 
pistons  and  cylinders  are  built,  into  gas  manifold  housings.  These 
housings  are  then  inserted  into  the  launcher  through  holes,  as  shown  in 
figure  3.  The  mechanism  for  the  ejector  then  is  of  very  short  height, 
which  allows  the  maximum  tube  diameter  and  greatest  efficiency  in 
tubular  structure. 

Figure  4  is  a  photograph  of  one  ejector  shown  complete  and  one  with 
the  side  plate  and  both  pistons  removed  showing  the  linkage.  The  in¬ 
ternal  details  of  the  ejector  are  shown  in  figure  5.  The  hooks  are 
attached  to  load-reducing  toggles  which  reduce  the  load  sufficiently  so 
that  two  long  rods  connected  to  a  central  bellcrank  carry  the  load  into 
the  inner  mechanism  of  the  trigger  box.  The  pistons  are  spring  loaded 
against  the  store,  but  are  not  retractable  after  ejection.  The  safety 
latches  and  the  releases  for  the  trigger  are  all  contained  in  a  dust- 
frec  box.  A  nuclear  safety  solenoid  is  provided  and,  of  course,  is 
locked  out  when  conventional  weapons  are  carried.  Gravity  drop  sole¬ 
noid  is  provided  as  a  backup  mode  of  operation  to  the  normally  gas- 
operated  system,  which  employs  two  MK107  cartridges  to  eject  weapons. 

The  MK107  is  a  new  Navy  cartridge  already  in  fleet  usage  on  other  air¬ 
craft.  Also  shown  in  figure  5  are  the  removable  cylinder,  piston,  and 
probe  which  comprise  the  basic  ejection  system. 

Figure  6  outlines  the  requirements  for  rise  time  and  peak  thrust, 
and  shows  a  typical  performance  curve  generated  by  the  B-l  ejector. 

The  ejector  thrust  is  limited  by  5 -millisecond  minimum  rise  time  to  a 
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•  PISTONS  INSIDE  TUBE  FOR  MAX  TUBE  OIA 

•  ALLOWS  LIGHTER  TUBE  DESIGN 
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•  GRAVITY  DROP  BACK-UP  CAPABILITY  •  MEETS  EMR  &  EMP  REQUIREMENTS 

Figure  5.  B-l  30- Inch  Ejector 


•ACCELERATION  APPLIED  9.5  G'S 
•  SEPARATION  VEIOCITY  20.9  FP$ 

figure  6.  30- Inch  Ejector  Requirements  and  Typical  Performance 

|K'ak  of  23,400  pounds,  which  is  the  maximum  structural  capability  of  the 
SR\M  missile,  lhc  curve  shown  in  figure  b  was  fired  at  approximately  b0°  T 
and  was  one  of  the  acceptance  test  shots  on  a  production  ejector.  The 
acceleration  applied  was  9.5  g,  and  a  separation  velocity  of  20.9  feet 
per  second  was  produced.  It  may  !>e  seen  from  this  performance  curve  that 
an  unusual  condition  is  created  in  the  ejector  where  a  relatively  long- 
peak  flat -topped  thrust  time  curve  has  been  developed.  This  is  probably 
the  most  unique  feature  of  the  B-l  ejector.  How  this  is  done  is  shown 
in  figure  7,  where  at  the  beginning  of  the  stroke,  gas  enters  the  inlet 
and  is  ducted  through  a  stepped  probe.  This  probe  is  configured  so  that 
a  very  small  amount  of  clearance  is  available  between  the  probe  and  the 
interior  of  the  piston  at  the  beginning  of  the  stroke.  Therefore,  high- 
pressure  gas  from  the  gas  inlet  fills  the  cavity  in  the  piston  and  allows 
a  very  snail  leakage  to  occur  between  the  probe  and  the  piston.  This 
creates  a  low-pressure  .gas  area  on  top  of  the  piston  head.  As  the  piston 
continues  to  stroke  during  ejection,  small  nddit tonal  areas  are  uncovered 
on  the  probe  in  a  series  of  steps  which  allots  more  and  more  gas  to  leak 
to  the  top  side  of  the  piston.  As  the  piston  leaves  the  probe,  the 
ejector  then  functions  like  most  other  ejectors,  where  adiabatic  ex¬ 
pansion  of  the  gases  continues  to  push  the  store  away,  figure  8  shows 
itou  the  thrust  time  curve  compares  with  the  pressure  tine  curve.  It  can 
lie  seen  that  80  percent  of  the  peak  pressure  is  maintained  for  only  12 
milliseconds.  However,  because  of  the  mechanical  orif icing  of  gases 
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Figure  8.  Tocal  Thrust  Versus  Breech  Pressure 


2,2«  IB  STPHE 
AMBIENT  CONDITIONS 
50,000  IB  /  IN.  BEAM 


Figure  9. 


Force -1  ime  Variations  of  50- Inch  lij  actor  Over  25-SJu 
No -Clean  Cycle 
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around  the  probe,  80  percent  of  the  peak  force  is  maintained  for  58 
milliseconds.  Therefore,  high  ejection  velocity  can  be  provided  with 
relatively  small  peak  forces.  A  computer  program  was  used  to  develop 
the  ejector  and  probe  configuration  before  testing  to  determine  final 
step  shaping. 

A  series  of  no-cleaning  shots  was  run  over  a  period  of  about  3 
weeks.  (See  figure  9.)  The  maximum  force  occurred  on  the  fifth  shot, 
and  the  minimum  force  occurred  on  the  11th  shot.  All  of  the  other  shots 
in  the  25 -shot  cycle  were  within  these  two  limits.  It  is  apparent  from 
figure  9  that  very  clean  burning  exists  in  the  B-l  ejector.  It  is  felt 
that  this  clean  burning  is  promoted  by  the  high  breech  pressures  of  over 
13,000  psi,  and  by  the  use  of  a  propellant  screen  just  downstream  of  the 
ejector  cartridges.  Figure  10  shows  variations  of  the  ejector's  per¬ 
formance  relative  to  temperature  changes.  Only  a  very  few  firings  were 
done  at  varying  temperatures,  and  the  sample  shown  is  representative  of 
only  these  few  firings.  It  can  be  seen,  however,  that  there  is  little 
change  in  peak  loads  and  also  little  change  in  velocity  produced.  The 
most  pronounced  effect  appears  to  be  rise  time,  which  changes  signifi¬ 
cantly  with  temperature  variations. 


+165  °F 
21.212  LB 
18.9  FT/ SEC 


+70  °F 
20,309  LB 
19.4  FT/SEC 


-65  CF 
18,608  LB 
19.0  FT/SEC 


Figure  10.  30- Inch  Ejector  Performance  With  Temperature  Variations 
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Figure  11.  Hjector  Locked -Up  Gns  System  Per fo nuance 


.Another  feature  of  the  B-l  ejector  is  the  low  peak  force  generated 
by  a  locked  up  shot.  This  phenomenon  is  shown  in  figure  11,  where  the 
curve  shows  maximum  force  of  only  about  half  that  generated  during  the 
ejection  cycle.  This  is  accomplished  by  the  use  of  small  bypass  grooves 
at  the  top  of  the  cylinder  and  around  the  bottom  of  the  piston.  This 
allows  the  high-pressure  gas  to  bleed  around  the  probe,  over  the  top  of 
the  piston,  through  the  bypass  grooves,  down  through  the  main  portion 
of  the  cylinder,  and  out  the  bypass  grooves  at  the  bottom  of  the  cy¬ 
linder.  In  the  normal  ejection  cycle  these  grooves  quickly  seal  up 
with  piston  motion  and  have  no  effect  on  nonnal  ejection  of  the  store. 

The  thrust  ;ind  velocity  capabilities  of  the  B-l  ejector  are  shown 
in  figure  12  relative  to  store  weight.  As  store  weight  decreases,  peak 
thrust  also  decreases  and,  of  course,  velocity  increases.  These  curves 
were  taken  from  Rockwell's  computer  program  and  have  been  validated  by 
ejection  of  the  B61  store,  which  weighs  700  pounds  and  achieved  a 
velocity  of  37  feet  per  second. 

Methods  to  create  pitch  on  the  store  have  been  evaluated  in  the 
form  of  orifieing,  and  also  in  the  form  of  dcstroking  the  pistons.  The 
orifice  technique  unfortunately  increased  breech  pressure  to  unmanage¬ 
able  levels  for  the  MK107  cartridge.  Therefore,  a  spool  technique  was 
applied  as  shown  in  figure  13,  where  a  simple  aluminum  tubular  member  is 
installed  beneath  the  head  of  the  piston.  The  performance  of  the  stroke- 
limiting  technique  is  shown  in  figure  14,  where  the  pitch  rate  in  de¬ 
grees  per  second  is  plotted  against  piston  stroke  in  inches.  This  in¬ 
formation  was  created  relative  to  the  AGM-09  missile,  which  has  a  pitch 
moment  of  inertia  of  870- slug  ft.2.  Associated  with  any  pitching  of  the 
store,  there  is  an  attendant  loss  in  store  ejection  velocity,  which  is 
plotted  in  figure  15. 

The  f !K 1 07  MOD  5  ejector  cartridge  is  shown  in  figure  lb.  It  was 
selected  basically  because  of  the  propellant  quantity,  the  I?  IP  safe 
bridge  wire  configuration,  the  expected  clean-burning  characteristics, 
ami  the  sympathetic  ignition  features.  A  significant  feature  of  the 
cartridge  is  shown  at  the  downstream  end,  where  an  aluminum  closure  is 
bonded  to  a  simple  propellant  trap  and  contains  one  gram  of  bullseye 
powder,  (experience  in  sympathetic  ignition  tests  lias  shown  that  as  the 
bullseye  ignites,  a  flash  is  carried  across  to  the  other  chamber,  igniting 
the  bullseye  in  the  second  cartridge  and  thus  producing  sympathetic  igni - 
sympathetic  ignition  characteristics  where  the  ejector  performance  curves 
appear  identical  to  those  when  both  cartridges  are  ignited.  Hie  MKU)“  is 
also  used  for  Phoenix  and  fuel  tank  ejection  on  the  P14.  While  the  MK10? 
is  considered  an  excellent  performing  cartridge,  it  has  had  its  early 
problems,  figure  17  shows  a  cutaway  of  the  cartridge  as  it  should 
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Hgure  12.  Thrust  and  Velocity  Versus  Store  Weight 
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•PISTON 


•SPOOL 


WEAPON 


•STROKE-LIMITING  DEVICE 

•  USED  IN  ONE  PISTON  FOR 
PITCH  CONTROL 

•USED  IN  BOTH  PISTONS 
FOR  REDUCED  VaoCITY 


Hgure  13*  Pitch  and  Velocity  Control 
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PISTON  STROKE  -  IN. 


DATA  IS  FOR  2.  245  LB  STORE 

870  SLUG-FT2  PITCH  MOMENT  Of  INERTIA 


is' 


}t- 


IN  PRODUCTION  AT  INDIAN  HEAD 

USED  FOR  PHOENIX  &  F-14  FUEL  TANK  EJECTION 


MKI07  MOD  5  CARTRIDGE  DEBRIS 


SEPARATED  IGNITER 


appear  after  firing.  Also  show  is  another  cartridge  in  which  igniter 
debris  escapes  occasionally  during  the  firing.  It  can  be  seen  that 
several  plastic  and  metal  rings  are  expelled  from  the  cartridge  and 
could  go  downstream  through  the  ejector.  For  this  . cason ,  a  debris 
screen  was  developed,  also  shown  on  figure  17,  which  does  not  restrict 
gas  flow,  but  does  contain  all  of  the  debris.  It  is  felt  that  this 
screen  aids  in  the  burning  process. 

The  controls  for  the  30-inch  ejector  arc  all  on  the  exterior  of  the 
rack,  and  the  basic  manual  capability  is  shown  in  figure  IK.  This  figure 
shows  the  ejector  configuration  for  carriage  with  nuclear  stores.  A 
Incite  plate  is  used  to  cover  the  two  controls  necessary  to  be  func¬ 
tioned  for  ground  release.  This  lucite  plate  is  safety  wired  in  place 
so  tint  several  conscious  actions  must  be  taken  to  manually  release  the 
store.  The  plate  is  reversible  and,  as  shown  in  figure  IP,  is  con¬ 
figured  for  conventional  stores.  In  this  mode,  a  small  tab  on  the  lucite 
.date  holds  the  nuclear  safety  lock  in  the  unlocked  condition,  ('.hen  a 
store  is  to  be  released  on  the  ground,  the  safety  wire  must  be  removed. 
The  plate  is  then  swung  out  away  from  the  controls,  which  then  allows 
the  nuclear  safety  lock  to  go  back  into  the  locked  position,  fo  release 
the  store,  the  nuclear  safety  lock  must  be  moved  to  the  unlock  position 
and  held  there  while*  the  rack  lock  is  moved  to  the  release  position, 

Some  of  the  details  of  the  trigger  mechanism  are  shown  in  figure 
JO.  The  gravity  release  solenoid  is  shown  schematically  and  can  be  used 
to  drive  the  release  linkage.  Normally,  the  gas -operated  power  piston 
is  used  to  drive  the  linkage,  from  the  beginning  of  motion,  all  the  way 
through  to  full  opening  of  the  hooks.  The  heart  of  the  mechanism  is  the 
trigger,  which  keeps  the  final  stage  toggle  roller  in  place.  The  full* 
travel  position  of  the  mechanism  is  shown  in  figure  21.  where  it  can  he 
«een  that  as  the  trigger  is  pulled  up,  the  linkage  containing  the  roller 
is  allowed  to  collapse,  while  continued  force  on  the  power  piston  pro¬ 
vides  force  to  open  the  linkage  throughout  is  full  travel.  Another 
feature  of  the  trigger  mechanism  is.  shown  in  figure  22,  where  the  masses 
of  the  solenoid  slugs  are  counterbalanced  by  weights  to  preclude  motion 
of  the  solenoid  slugs  during  vibration  and  shock,  A  linkage  counter* 
weight  is  also  provided  so  that  the  remaining  eiementsef  the  linkage, 
which  could  possibly  cause  release  of  the  store,  are  fully -balanced. 

fine  of  the  important  features  of  the  M- inch  ejector  is  the  hmk 
configuration  shown  in  figure  23.  A  basic  problem  existed  in  the  de¬ 
sign  of  the  hook  due  to  the  extreme  hardness  of  the  Aceha3  missile 
clevis.  The  underside  of  the  clevis  is  shot-i-'cened  siater iai  at  appr^xi* 
mutely  ISO ,000  psi  hardness,  llte  challenge  hero  was  to  devoid*  an  even 
lender  hook.  Several  materials  were  investigated,  and  the  final  choice 
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Figure  22.  30-Inch  Fjector-Trigger  Mechanism  -  Counterbalanced 


•PROBLEM  -  AGM-69  CLEVIS  IS  SHOT  PEENED 
PH13-8MO  AT  RC50  (250,000  PSD 

•HARDER  HOOK  SURFACE  IS  NEEDED  FOR  POSITIVE 
RELEASE 

•  MATERIALS  INVESTIGATED 

-  9310  CARBURIZED  &  CHROMED 

-  PH13-8MO  WITH  0.050  STELLITE  SURFACE 

-  H-ll  AT  RC  52-55  &  CHROMED  IRC  641 

-  PH13-8MO  NITRIDED 

•  TESTS  WERE  RUN  TO  DETERMINE  COEFFICIENT 
OF  FRICTION  &  CHOOSE  MATERIAL 

•  FINAL  CHOICE  -  H-ll  CHROMED  &  GROUND 
TO  16  MICRO  INCHES 


Figure  23.  30  Inch  Hjeetor  Hook 


519 


I 


was  Hll  alloy  steel,  chromed  and  ground.  This  configuration  survived 
all  of  the  vibration  and  shock  tests  under  load  with  no  visible  deforma¬ 
tion. 


Maintenance  of  the  B-l  ejector  is  very  simple.  While  the  ejector 
is  not  easy  to  assemble,  complete  disassembly  is  basically  unnecessary. 
For  normal  maintenance,  the  piston,  probe,  and  cylinder  can  be  removed 
as  a  unit  for  cleaning  without  other  disassembly  or  removal  of  the 
ejector  from  the  air  vehicle.  All  of  the  trigger  parts  are  housed  in 
a  dust-free  box,  and  since  the  propellant  screen  eliminates  downstream 
debris,  infrequent  cleaning  will  be  all  that  is  necessary.  There  are  no 
O-rings  or  other  AGE  sensitive  parts  in  the  B-l  ejector.  All  prequalifi¬ 
cation  and  a  significant  part  of  formal  qualification  tests  are  complete. 
Rockwell's  ejector  test  facility  is  shown  in  figure  24,  where  a  B61  bomb 
is  mounted  to  the  ejector.  The  test  stand  is  fully  instrumented  for 
several  pressure,  thrust,  and  motion  parameters.  The  development  summary 
of  tests  is  shown  in  table  I,  and  includes  sympathetic,  locked  shut,  and 
hot  and  cold  firings.  The  ejector  is  shown  in  figure  25  in  outline 
configuration  for  those  who  might  be  interested  in  its  usage. 

Suggestions  for  ejector  designers  -  based  on  the  development 
discussed  -  include  the  following  practical  factors: 

*  Do  use  high  pressures  to  promote  clean  burning. 

*  Don't  use  O-rings  or  other  AGE-sensitive  items. 

*  Get  as  much  area  under  work  curve  as  possible. 

*  Use  superhard  hook  faces. 

*  Design  for  high  hook  opening  moments. 

*  Use  counterweights  with  solenoids. 

*  Use  propellant  screens. 

Store  designers  should  show  a  little  compassion  for  ejector 
designers  by  using  softer  materials  in  their  special  lugs,  or  at  least 
not  harder  materials  than  those  shown  in  MIL- A- 8591.  After  all,  the 
store  is  the  throwaway  item,  not  the  rack.  The  rack  hook  must  be  built 
so  that  it  does  not  deform;  otherwise,  the  rack  cannot  function 
properly. 
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Table  I 


DEVELOPMENT  TEST  SUNWARY  (30- INCH  EJECTOR) 


Test 


Number 


Ambient  firing  tests  with  2,245  lb  store- - 
'Normal  (two-cartridge  ignition) 
'Sympathetic  (one-cartridge  ignition) 
'Locked  shut~- 

+165°  F  firing  tests  — 

-65°  F  cold-warm-cold  tests  - 


-  l.% 
136 
6 
2 

-'-■•3 

12 


Ambient  gravity  drops  " 
+165°  F  gravity  drops  -- 
-65°  F  cold-warm-cold  drops 


-  5 
-  1 
4 


Ambient  firing  tests  with  700  lb  store 


Total 


172 


Figure  25.  30- Inch  Ejector,  Dimensional  Schematic 
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Mr.  Peterson  joined  North  American  Aviation  in  1940  and  has  worked 
almost  exclusively  on  armament  for  over  35  years.  Early  work  included 
gun  installations  on  P-51  through  F-107  aircraft.  Suspension,  release, 
and  ejection  devices  for  several  bombers  from  the  B25  through  the  B70 
were  also  designed.  He  has  also  developed  a  number  of  specialized  arma¬ 
ment  devices  including  guns,  bomb  ejectors,  missile  launchers,  and  re¬ 
lease  mechanisms  applicable  to  many  other  airplanes. 

He  is  presently  Manager  -  Weapon  Systems  Design,  and  in  this 
capacity  manages  all  armament  development  activities  on  the  B-l  Air 
Vehicle.  These  activities  include  all  facets  of  weapons  carriage  (both 
nuclear  and  conventional),  and  development  of  mechanisms  for  launcher 
rotation,  weapons  bay  door  operation,  and  launcher  clip-in. 


EVALUATION  OF  A  GN2  POWERED,  MECHANICALLY  LINKED 
DUAL  EJECTOR  SYSTEM 
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China  Lake,  Cal.  93555 


ABSTRACT.  This  report  contains  a  description  and  evaluation  of  a  Naval 
Weapons  Center  (NWC)  designed  dual  ejector  system  that  is  cold  gas  (GN2) 
powered  and  uses  hydraulic  fluid  as  a  media  for  ejection  stroke  extension. 
The  report  describes  the  construction  of  the  system,  tests  performed  and 
data  obtained.  The  system  has  two  identical  ejector  housing  assemblies, 
each  containing  hydraulic  fluid,  a  fluid  displacing  piston  and  telescoping 
pistons  for  ejection  stroke.  The  GN2  pressure  housing  assembly  has  a 
piston  for  power  output.  The  fluid  displacing  pistons  and  the  GN2  power 
piston  are  mechanically  linked  to  provide  positive  dependency  in  movement. 
For  parallel  ejection,  ejector  extension  is  equal  with  the  ejection  force 
proportionally  equilibrating  the  reacting  forces  encountered  by  the 
individual  ejector  assemblies.  This  proportional  force  distribution 
between  ejector  assemblies  during  parallel  or  pitch  angle  ejection  requires 
no  sensors  or  regulators.  Using  hydraulic  fluid  as  a  media  for  ejector 
extension  allows  control  of  the  individual  telescoping  piston  length  of 
travel  if  other  than  positive  parallel  ejection  is  desired.  By  manually 
controlling  the  amount  of  fluid  available  for  extension  in  either  ejector 
assembly,  variations  in  stroke  length  of  the  two  ejector  assemblies 
telescoping  pistons  can  create  stores  pitch  angle  change  or  angular  rate 
inducement.  The  ejection  force  is  all  on  one  of  the  two  ejector  assemblies 
for  the  angular  rate  ejection  mode. 
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INTRODUCTION 


This  report  provides  descriptive  and  initial  test  data  for  a  dual 
ejector  system  which  is  cold  gas  (GN2)  powered  and  enables  selected  pitch 
attitude  or  pitch  rate  of  aircraft  store  ejection,  regardless  of  external 
perturbances  during  the  ejection  sequence.  This  design  will  consistently 
eject  a  store  into  a  safe  and  predictable  trajectory. 

Ejector  systems  presently  in  use  cannot  react  to  unknown  infinite 
variations  in  forces  and  moments  acting  upon  the  store  during  the  ejection 
cycle,  particularly  at  supersonic  speeds.  As  the  requirements  for  aircraft 
and  store  delivery  speeds  increase,  the  nonuniform  forces  acting  upon  the 
store  become  more  critical  to  predictable  safe  store  separation.  Without 
consistently  predictable  launch  of  the  store  with  minimal  perturbances,  a 
large  amount  of  delivery  error  is  inevitable.  There  is  evidence  that 
these  forces  and  moments  acting  upon  the  store  during  the  launch  cycle 
constitute  the  largest  single  source  of  bomb  dispersion.  These  launch 
dispersions  are  referred  to  as  mal-launch  dispersion  and  are  defined  as 
the  variation  in  forces  acting  upon  the  store  during  the  entire  ejection 
cycle  until  the  bomb  is  clear  of  the  nonuniform  flow  field  surrounding 
the  launch  platform. 

It  is  estimated  that  mal-launch  dispersion  contributes  more  delivery 
error  than  the  combined  effects  of  aim  error  and  in-flight  ballistic 
dispersion  error  (caused  by  imperfections  introduced  in  the  manufacturing 
and  handling  of  a  store,  such  as  bent  fins,  etc.)  during  a  typical  super¬ 
sonic  (,''  800  kts)  store  ejection  from  an  aircraft!..  Under  this  launch 
condition,  it  is  estimated  the  aim  error  for  computer  aided  delivery 
systems  contributes  an  average  of  10  mils  CEP  (circular  probable  error) 
of  dispersion,  in-flight  ballistic  dispersion  contributes  4  mils  CEP  and 
mal-launch  contributes  up  to  20  mils  CEP.  If  mal-launch  dispersion  error 
can  be  reduced  to  a  figure  comparable  to  the  10  mil  aim  error,  the  single 
bomb  hit  probability  can  be  improved  from  approximately  0.31  to  0,59, 
with  a  real  effectiveness  (hit  probability)  improvement  of  90?. 

The  dual  ejector  system  described  herein,  by  enabling  a  selected 
parallel j  pitch  attitude  change  or  pitch  angular  rat<s  of  ejection,  will 
guarantee  consistently  safe  store  separation  from  the  aircraft  with  no 
launch  envelope  limitations.  Improved  aiming  devices  being  incorporated 
in  currently  operational  aircraft  will  tend  to  reduce  aim  error  toward 
the  4  mil  CEE  magnitude  of  in-flight  dispersion.  If  both  aim  error  and 
mal-launch  dispersion  can  be  reduced  to  this  magnitude,  real  effective¬ 
ness  (single-hit  probability)  improves  to  0,89  -  a  "whopping"  overall 
accuracy  improvement  of  187%, 
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Maestri,  Raymond  R, ,  and  Sehindel*  Leon  H,  (If)  Self-Compensating  Store 

Ejection.  iiGLTR  74-3,  Naval  Ordnance  Laboratory,  White  0a5t,  Silver 
Spring,  Maryland,  5  February  1974. 


The  capability  to  vary  the  ejection  force  is  a  highly  desirable 
feature  of  a  stores  ejection  system.  Variance  of  ejection  force,  relative 
to  stores  weight,  enables  achievement  of  desired  end  of  stroke  velocity 
which  is  important  due  to  inertial  loads  that  are  imposed  by  the  delivery 
aircraft.  Variable  ejection  force  is  possible  with  an  ejection  system 
powered  by  a  cold  gas  pressure  source.  The  use  of  a  noncontaminating  power 
source  for  ejection  reduces  cleaning  maintenance  to  a  bare  minimum.  As  an 
example,  there  has  been  no  maintenance  required  on  the  dual  ejector  system 
used  for  the  tests  described  in  this  report  after  325  ejection  cycles.  The 
use  of  hydraulics  in  a  closed  system  (i.e.  no  lines,  pumps,  fittings, 
reservoirs  or  restrictions),  pressurized  only  during  ejection  stroke 
duration,  and  with  designed  sealing  capability,  should  eliminate  the  objec¬ 
tionable  leakage  characteristics  of  most  present  hydraulic  systems. 
Experience  has  shown  that  the  use  of  the  Greene  Tweed  (GT)  T-seals  in  the 
hydraulic  and  pneumatic  systems  should  reduce  the  maintenance  to  almost 
zero.  The  use  of  standard  0-ring  seals  is  not  recommended  for  this  applica¬ 
tion.  A  list  of  current  aircraft  which  presently  use  the  GT  seals  is  shown 
in  appendix  A.  There  have  been  literally  no  failures  of  this  type  of  seal 
in  the  applications  since  their  introduction. 

This  is  a  modular  system  and  positive  parallel  ejection  is  the  systems 
primary  function.  The  pitch  attitude  control,  pitch  rate  control,  and 
variable  power  control  with  pressurized  GN^  are  additional  features  that 
can  be  incorporated  into  an  ejector  system  design,  if  requirements  dictate. 
The  use  of  a  pyrotechnic  cartridge  activated  device  (CAD)  in  place  of  the 
cold  gas  source  is  optional  with  this  system,  but  is  not  recommended  due  to 
maintenance  requirements. 

Cold  gas  pressure  settings  ranging  from  1000  to  3000  psig  were  tested 
to  determine  efficiencies  at  the  selected  pressures.  Input  pressure, 
accelerations,  applied  force  and  distribution  of  pressure  were  measured  and 
recorded.  A  Mk  82  bomb  (actual  weight  -  489  lb)  with  a  conical  tail  fin 
was  used  for  these  tests.  The  nose  cone  was  grooved  to  allow  a  steel  cable 
to  apply  external  force,  simulating  induced  moments  of  16,000  or  32,000 
in. -lbs  on  the  store.  Parallel  ejection  with,  and  without,  externally 
applied  force  was  tested.  Store  pitch  angle  and  pitch  rate  establishment, 
with  and  without  loads,  was  tested. 


DESCRIPTION 


TECHNIQUE  COMPARISON 

Current  bomb  rack  ejector  systems  are  powered  by  hot  gas  with  single 
or  dual  ejector  piston  systems.  Propellant  cartridges  or  CADs  generate 
expanding  hot  gasses  which  extend  the  pistons,  and  provide  ejector  force. 

Two  ejector  pistons  provide  for  better  distribution  of  the  available 
ejection  forces  on  the  weapon  body.  Since  the  stores  to  be  suspended  and 
released  vary  considerably  in  geometric  shape  and  weight,  their  respective 
center  of  gravities  may  vary  along  a  longitudinal  axis  relative  to  the 
ejector  pistons.  While  suspended  on  the  aircraft  during  flight,  the 
aerodynamic  flow  field  about  the  aircraft  and  store  induce  external 
forces  and  moments  on  the  weapon  which  may  cause  pitch,  yaw  and  rotation 
of  the  weapon  during  ejection.  A  brief  comparison  of  a  gas  linked  and 
mechanically  linked  dual  ejection  system  is  provided  in  the  following, 
together  with  the  advantages  and  disadvantages  of  each  system,  respectively. 
For  discussion  purposes,  it  is  assumed  that  both  systems  are  CAD  powered. 

GAS  LINKED  SYSTEM 

A  gas  linked  ejector  system  typical  of  those  currently  in  service, 
is  shown  in  Figure  1.  A  breech  assembly  with  2  cartridges  is  connected 
to  each  telescoping  piston  ejector  assembly  by  a  conduit.  Since  there  is 
no  physical  connection  between  the  telescoping  pistons,  each  piston 
functions  independently  of  the  other.  In  order  to  compensate  for  CG 
tolerance  and  aerodynamic  forces  and  moments  (if  known) ,  orifices  can  be 
inserted  into  the  conduits  to  meter  or  change  the  flow  of  gases  causing 
an  increase  or  decrease  in  the  forces  required  to  overcome  these  external 
resistances.  The  variability  of  the  external  resistances  is  likely  to 
create  an  inconsistent,  r.onparallel  ejection  stroke  due  to  the  force 
application  at  the  point  of  least  resistance. 


mESCOPIIB  MSTOR 
EJECTOR  ASSEMBLY 


MECHANICALLY  LINKED  SYSTEM 

A  mechanically  linked  ejector  system  schematic  is  shown  in  Figure  2. 
The  breech  assembly  contains  two  cartridges  and  a  power  piston  which  is 
mechanically  linked  to  the  two  ejector  assemblies.  This  linking  results 
in  dependent  ejector  strokes  in  that  one  piston  assembly  cannot  extend 
without  the  other.  The  force  application  occurs  at  the  point  of  greatest 
resistance,  and  both  pistons  extending  together  give  repeatedly  parallel 
consistent  stores  ejection.  No  adjustments  are  required  to  overcome 
changes  in  CG  and  aerodynamic  forces. 


TELESCOPING 


Figure  2.  Mechanically  Li&ked  Ejector  Syntca . 
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Mechanically  linked  systems  are  unaffected  by  changes  in  weapon  CG 
and  aerodynamic  flow  field  forces.  Mechanical  dependency  automatically 
applies  the  ejection  forces  to  the  point  of  greatest  resistance,  while 
gas  independent  systems  apply  forces  to  the  point  of  least  resistance, 
thereby  compounding  a  possible  undesirable  separation  condition.  Mechan¬ 
ically  linked  ejectors  can  maintain  store  pitch  control  automatically 
over  the  range  of  the  release  envelope,  while  gas  systems  require  an 
adjustible  orifice  or  metering  system  which  is  usually  sec  prior  to 
launch  for  a  specific  set  of  release  conditions. 

Gas  ejector  systems  have  the  advantage  over  mechanicaly  systems  in 
that  they  are  usually  smaller  and  lighter  in  weight.  This  brief  com¬ 
parison  of  the  two  ejector  systems  show  that  the  mechanically  linked 
dependent  ejector  systems  have  several  advantages  over  the  gas  linked 
systems. 


NWC  DESIGNED  DUAL  EJECTOR  SYSTEM 


The  NWC  designed  dual  ejector  system  assembly  (Figure  3)  consists  of 
two  ejector  assemblies  (Figure  3,  Item  1),  a  gas  pressurized  power 
system  (Item  2),  connecting  linkages  (Item  3),  pressure  sensors  and 
control  valves  and  a  release  unit  (Item  4).  The  connecting  linkage 
mechanically  connects  the  gas  power  system  output  piston  a nd  both  input 
pistons  of  the  ejector  assemblies,  so  that  each  of  the  three  pistons 
become  movement  (ejection  stroke)  dependent  of  the  others. 


Ejector  Assembly 

Each  ejector  assembly  (Figure  4)  consists  of  a  housing  (Figure  4, 
item  K),  an  input  piston  (Item  2),  a  hydraulic  oil  chamber  (Item  3),  a 
floating  piston  and  spring  (Item  4),  an  adjustable  stop  (Item  5),  a 
telescoping  piston  (Ice©  6)  and  a  return  spring  3nd  weapon  contact, 
adjustment  assembly  (Item  ?).  The  floating  piston,  spring  and  adjustable 
stop  is  part  of  an  adjustment  device  for  varying  the  stroke  length.  The 
unit  is  also  equipped  with  a  pressure  transducer  (Item  d)  for  recording 
the  pressure  during  the  ejection  stroke. 


Ejector  Stroke  Adjustment  Device 

Each  ejector  assembly  is  equipped  with  an  adjustment  device  for 
reducing  the  telescoping  piston  ejector  stroke  length.  Use  stroke 
length  control  feature  is  Bade  possible  by  a  separate  piston  and  spring. 
(Figure  4,  Item  4)  and  an  adjustable  stop  (Item  5)  which  can  be  positioned 
to  effect  *  change  in  the  volume  of  the  hydraulic  oil  chamber  (ite*  3). 
During  ejection,  oil  is  displaced  within  the  chamber  and  the  adjustable 
stop  controls  the  volume  of  oil  which  is  diverted  into  a  closed  bypass  in 
the  housing.  The  preselected  csount  of  oil.  diverted  into  the  bypass 
detracts  fro®  the  total  volume  oi  oil  available  to  extend  the  ejector 


pistons,  thereby  shortening  the  ejector  foot  stroke  to  the  selected  length. 
This  results  in  one  ejector  piston  ejecting  the  nose  (or  tail)  of  the  store- 
downward  during  the  initial  ejection  sequence  while  the  ocher  ejector 
piston  pushes  the  opposite  end  of  the  store  downward  after  a  delay,  with 
both  pistons  reaching  their  selected  stroke  limit  at  the  same  time.  The 
adjustment  device  for  either  (or  both)  of  the  ejector  assemblies  can  be 
adjusted  for  any  ejection  stroke  limit  between  zero  and  6.0  inches  on 
the  test  model,  as  required. 


The  cold  gas  power  system  (Figure  5)  consists  of  a  housing  (Figure 
5,  Item  1),  a  power  output  piston  (Item  2),  a  pressure  chamber  (Item  3), 
a  filler  valve  (Item  4)  and  a  pressure  sensor  (Item  5).  The  gas  chamber 
was  pressurized  Trom  a  pre-pressurized  bottle  system  during  this 
evaluation. 
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TESTING 


TEST  OBJECTIVES 


Testing  of  the  dual  ejector  system  is  to  evaluate  the  following: 

a)  Efficiency  of  Ejection  -  The  effect  on  system  performance 
with  variations  in  ejection  pressures. 

b)  Ejection  Force  Distribution  -  The  inherent  design  character¬ 
istics  of  dependent  dual  ejection  which  dictate  the  ejection  forces  to  be 
applied  proportionally  to  the  points  of  encountered  resistance.  The 
effect  on  force  distribution  with  variations  in  ejection  stroke  length. 

c)  Attitude  Change  -  The  ability  to  induce  or  correct  store 
pitch  attitude  by  variations  in  ejector  stroke  length. 

d)  Externally  Applied  Force  -  The  ability  of  the  dual  ejector 
system  to  balance  externally  applied  forces  and  CG  placements. 


TEST  SET-UP 

The  dual  ejector  system  test  set-up  consisted  of  a  10,000  psi  GN2 
psi  cart  attached  to  a  pneumatic  control  panel  for  control  of  release  and 
ejection  pressures.  The  release  pressure  was  set  and  then  held  constant 
for  every  test  while  the  ejection  pressure  was  incremented  as  required  to 
meet  the  test  plan.  Release  of  the  weapon  was  controlled  through  a  basic 
fire  control  panel  used  for  functioning  standard  boob  ejector  cartridge 
systems. 

A  cable  arrangement  was  provided  which  applied  a  downward  force  on 
the  ncse  of  a  weapon  to  simulate  an  externally  applied  force,  inducing  a 
nose  down  rotation  of  the  weapon  during  release  (See  Figure  6) ,  The 
amount  of  cable  force  was  controlled  by  means  of  a  piston  rod  in  a  pneumatic 
cylinder,  8  feet  in  length,  attached  to  the  ends  of  the  cable.  The 
pounds  fdrce/pressure  (psi)  is  shown,  graphically  in  Appendix  A  on  Figure 
A-l.  The  cylinder  was  attached  to  a  load  cell  to  measure  the  applied 
load  during  ejection.  ^  > 

The  dual  ejector  system  was  mounted  to  a  steel  frame  over  an  ejection 
pit.  The  ejector  system  had  3  pressure  transducers*  one  for  the  GNj 
chamber  and  ov.e  on  each  hydraulic  ejector  assembly*  The  Mk  02  bomb  had 
accelerometers  mounted  on  the  bomb,  forward  and  aft  of  the  electors,  and 
an  equal  distance  from  the  center  of  the  two  ejectors.  The  store  suspension 
mechanism  and  the  power  detent  were  made  from  a  l!A£C  lock-on  coupling 
device  {Figure  1) ,  For  test  purposes,  the  availability  of  the  NADC 
coupler  precluded  the  need  to  design  o  new  hood/lug  device,  or  integrate 
an  existing  hook  system.  A  linkage  was  built  to  operate  the  power 


Figure  7.  NADC  Lock-On  Coupling. 


detent  and  weapon  release  couplers  simultaneously.  A  small  piston  assembly 
was  attached  to  the  linkage  and  GN2  pressure  was  used  to  actuate  the 
mechanism.  The  release  pressure  was  contained  in  a  small  pressure  bottle, 
independent  of  the  ejection  pressure  chamber,  and  was  routed  to  the 
release  piston  via  a  solenoid  valve.  The  firing  pulse  from  the  fire 
control  panel  actuated  the  solenoid  valve. 


TEST  DATA 

A  14  channel  magnetic  tape  recorder  was  used  to  record  the  timing, 
hydraulic  and  GN2  pressures,  accelerations  and  load  cell  signals.  The 
recorded  data  was  later  computer  processed  and  reproduced.  Examples  of 
these  data  and  results  presented  herein  illustrate  the  functional  capabili¬ 
ties  of  the  dual  ejector  system. 

Ejection  Tests  With  No  Applied  External  Force 

Table  1  lists  tests  conducted  without  externally  applied  forces 
which  are  discussed  in  this  report.  Appendix  A  contains  a  complete 
listing  of  the  tests  performed.  Data  from  2  or  3  pressure  ranges  will  be 
presented  for  comparison  of  performance  parameters. 


TABLE  I. 

Ej ection 

Test  Conditions  With 

No  Externally  Applied  Force. 

EJECTOR 

gn2 

SERIES 

TEST 

STROKE  (in.) 

PRESSURE 

EXTERNAL 

NO. 

NO. 

FWP 

AFT 

(psig) 

FORCE  (lbs) 

1 

9 

6.0 

6.0 

3000 

0 

2 

9 

6.0 

4.5 

3000 

0 

3 

3 

6.0 

3.0 

3000 

0 

A  graph  of  the  approximate  time  of 

ejection 

vs  variations  in  the 

operating  GN2  pressures,  using  the  Mk  82  bomb,  is  shown  in  Figure  8.  A 
family  of  curves  could  be  generated  for  various  weight  stores.  Figure  9 
shows  characteristic  pressure  curves  of  the  pressurised  gas  (GN2)  within 
the  power  system  during  ejection  for  various  pressures.  These  pressure 
curves  are  typical  regardless  of  the  stroke  settings  and  the  applied 
external  loads.  As  the  power  piston  displaces  within  the  housing,  the 
pressure  varies  by  the  relationship  PiVj=P 2V2.  No  flow  of  GN2  through 
conduits  is  required  for  functioning  of  Che  ejector  pistons.  Simple 
volumetric  expansion  from  65  to  75  in3  is  all  that  occurs. 
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(During  Election). 


The  slope  of  the  curve  is  a  function  of  the  initial  volume  of  the 
GN^  chamber.  A  larger  initial  volume  would  give  a  better  performance 
curve,  since  the  pressure  would  decrease  very  little  throughout  the 
ejection  stroke.  This  indicates  the  availability  of  nearly  as  much 
pressure  at  the  end  of  the  ejection  stroke  as  at  the  beginning  of  the 
stroke.  The  losses  within  the  ejector  system  were  estimated  to  be  a 
function  of  the  hydraulic  and  pneumatic  seals  and  the  ejector  piston 
return  springs.  Prior  to  ejection,  the  seals  in  the  hydraulic  units  are 
at  zero  pressure  until  the  load  is  applied.  The  static  friction  of  the 
seals  and  the  spring  loads  of  the  return  sleeve  assemblies  must  be  overcome 
before  the  ejectors  can  move.  The  initial  static  load  of  the  pneumatic 
seals  is  a  significant  variable  which  increases  as  the  pressure  increases. 
Since  the  pneumatic  system  is  under  pressure  prior  to  ejection,  this 
static  force  could  be  several  hundred  pounds.  Once  the  system  begins  to 
function,  this  force  is  reduced  to  approximately  one-third  the  initial 
value.  In  general,  the  static  friction  (under  pressure)  is  greater  than 
the  running  friction  after  the  system  begins  the  ejection  sequence  by  a 
factor  of  3.  An  indication  of  the  losses  was  determined  by  measuring  the 
pressures  within  the  hydraulic  assemblies  and  comparing  these  with  the 
gas  (GN2)  pressure.  The  operating  efficiency  of  the  ejector  system  was 
then  calculated  from  the  formula: 

EFF  =  (PSI  4  PSI„„  )  x  100 
oil  GN^ 

This  efficiency  curve  is  graphically  presented  in  Figure  10  and  appears 
to  approach  an  upper  limit  of  85  to  90%.  This  curve  is  for  ambient 
conditions;  additional  testing  will  be  required  to  determine  the  efficiency 
as  a  function  of  temperature. 


Parallel  Ejection 

To  obtain  parallel  ejection,  the  pressure  forces  must  be  distributed, 
as  required,  to  maintain  a  stable  store  attitude  during  the  ejection 
stroke.  The  total  force  available  for  ejection  is  the  sum  of  the  forces 
at  each  ejector  piston.  The  ability  to  accomplish  this  function  auto¬ 
matically,  without  sensors  or  regulators,  is  inherent  in  the  design  of 
positive  displacement.  Figure  11  shows  the  distribution  of  pressure 
between  each  ejector  piston  assembly  during  ejection  and  the  total  pressure 
summation  curve.  This  total  (sum  of)  pressure  curve  for  this  ejector 
system  is  represented  by  the  formula: 

(P*  +  P  )  Pressure  (GN0)  x  %  Efficiency 

Where: 

■  Forward  ejector  pressure 
P  ■  Aft  ejector  pressure 

3 
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Figure  10.  Ejector  Gas  (GN^)  Pressure  Operating  Efficiency*1 


The  curves  reflect  what  is  taking  place  internally  during  ejection.  This 
distribution  of  pressure  indicates  the  actual  distribution  of  ejector 
forces  on  the  store  during  the  ejection  cycle.  The  actual  force  applica¬ 
tion  on  the  store  is  shown  on  Figure  12  and  takes  into  account  the  area 
of  the  ejector  pistons  as  a  function  of  stroke  length.  The  curve  is  the 
total  force  being  applied  by  the  ejector  system  to  the  store.  Figure  12 
shows  the  force  is  largest  during  the  first  piston  extension,  or  the  one 
with  the  largest  area.  At  the  time  the  smaller  piston  starts  to  extend, 
the  area  has  been  reduced  approximately  50%  and  the  force  applied  to  the 
store  is  proportionately  reduced.  During  the  last  0.5  in. of  travel  of 
the  input  piston  (Figure  4,  Item  2)  this  piston  impacts  a  snubbing  device 
end  the  ejection  force  drops  to  zero  which  is  reflected  in  the  force 
application  curve  of  Figure  12.  A  small  adjustment  of  this  snubber  can 
extend  the  power  stroke  further,  but  the  additional  amount  of  force  being 
applied  at  this  point  is  relatively  small. 


Non-Parallel  Ejection 

For  test  simplicity,  only  two  adjustments  were  used  for  non-parallel 
ejection  tests.  The  second  (smaller)  piston  extension  of  3.0  inches  was 
divided  into  two  increments  enabling  the  stroke  of  the  aft  piston  assembly 
to  be  reduced  by  1.5  or  3.0  inches.  With  this  arrangement,  the  full  6.0 
inch  ejection  stroke  of  the  aft  piston  could  be  reduced  allowing  the 
forward  piston  to  reach  its  fully  (6.0  inch)  extended  position  while 
allowing  the  aft  piston  to  extend  only  to  4.5  or  3.0  inches.  (Both  the 
forward  and  aft  pistons,  on  test  model,  were  fully  adjustable  for  any 
stroke  length  of  zero  to  6.0  in.). 

A  series  of  tests  were  performed  to  evaluate  the  functions  with  one 
of  the  piston  stroke  lengths  extending  to  only  4.5  or  3.0  inches.  Figure 
13  shows  pressures  within  the  ejector  assemblies  with  1.5  inches  of 
stroke  reduction  induced  in  the  aft  piston  (limiting  the  aft  piston  to  a 
4.5  inch  stroke).  It  is  noted  that  all  of  the  pressure  is  being  applied 
to  the  forward  piston  during  the  initial  stroke  (while  the  enlarged  aft 
piston  chamber  is  filling  with  oil).  A  short  time  later,  the  pressure  in 
the  aft  assembly  rapidly  increases  while  the  forward  piston  pressure  is 
decreasing.  At  one  point,  the  pressures  are  equal;  eventually,  the 
system  is  snubbed  with  both  pressures  dropping  to  zero  at  the  end  of  the 
strokes.  This  induced  stroke  change  causes  an  initial  downward  ejection 
of  the  nose  of  the  store  by  the  first  piston,  inducing  a  pitch  angular 
rate  until  the  second  piston  begins  to  apply  force.  The  force  of  the 
second  piston  dampens  the  pitch  race,  stabilizing  the  score  at  the 
selected  pitch  angle,  and  continues  to  maintain  this  attitude  throughout 
the  remainder  of  the  stroke.  This  is  a  sure  method  of  maintaining  a 
fixed  angle  in  the  store  attitude  as  a  means  of  meeting  a  prescribed 
launch  requirement,  regardless  of  nonuniform  external  forces  acting  upon 
the  store. 
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Figure  13,  Forward  and  Aft  Ejector  Pressure  Summation  -  6/4 
Strokes,  No  External  Force,  2500  PSI,  Mk  82  Bomb 


A  3.0  inch  aft  piston  stroke  reduction  was  induced  and  evaluated  to 
determine  the  effect  on  store  ejection,  figure  14  shows  the  pressure 
curves  of  the  hydraulic  assemblies  with  this  induced  ejection  stroke 
change.  It  should  be  noted  that  Lite  aft  piston  docs  not  receive  any 
pressure  throughout  the  ejection  cycle.  Only  the  forward  piston  was 
applying  ejection  force  inducing  a  pitch  angular  rate  throughout  the 
ejection  cycle.  The  actual  pressure  curve  of  Figure  14  (6  in./3  in. 
stroke;  is  the  same  as  the  sum  of  pressures  for  a  6  in./6  in.  or  a  6 
in./4.5  in.  stroke  (as  shown  on  Figures  11  and  13*  respectively)  except 
all  the  pressure  is  applied  to  one  piston. 


Acceleration  and  Velocity  During  Ejection 

The  acceleration  and  velocity  curves  of  the  Mk  82  bomb  at  various 
ejection  pressures  are  shown  on  Figures  15  and  16,  respectively.  These 
curves  represent  a  6  in./6  in.  parallel  ejection  stroke.  The  velocity 
curves  are  integrations  of  the  recorded  acceleration  of  the  forward  and 
aft  accelerometers  on  the  bomb.  Additional  acceleration  and  velocity 
data  for  the  3000  psi  ejection  tests  (without  externally  applied  loads) 
are  contained  in  Appendix  B,  Figures  11-1,  B-2  and  B-3. 

Ejection  Tests  With  Applied  External  Force 

Table  II  is  a  list  of  the  tests  in  this  report  with  force  applied 
externally  to  the  Kk  62  boob; 

TABLE  II.  Ejection  Test  Conditions  With  Externally  Applied  Force. 


EJECTOR  CM,, 


SERIES 

TEST 

STROKE 

jjnJt 

PRESSURE 

EXTERNAL 

NO. 

NO. 

FWj) 

AFT 

(pSlgJ 

Force  cibs) 

.4 

3 

6.0 

6.0 

3000 

42? 

■  5 

3 

6.0 

6*0 

3000 

353 

1 

3 

4,5 

6.0 

3000 

42? 

3 

3 

4,5 

6.0 

3000 

SS3 

Parallel  Ejection 

The  first  tests  with  externally  applied  force  were  eondocted  with 
thi*  stroke  lengths  of  the  assemblies  euaal,  Figure.  6  illustrates 

the  CO  leeatiun  and  the  peitu  <  of  force  application  on  the  Hfc  nZ  feewfe* 

Two  values  of  force  were  applied  to  sinulate  a  nose  4eurt  «afc«oi  16*000 
and  .32,380  in-llis »  These  m&mm  were  simulated  vitli  iltss  applies*.  -ni 
a  42?  lb  lusd  for  1&.CHJ0  in-lbs  and  >$$.3  lb  fur  32.080  in-Shs.  Is  ws$ 
predicted  the  ejector  should  be  able  to  staiotasn  a  parallel  ster«  sttitde 
up  to  32,080  in-lbs  eteeeiH  nose  <teuti  on  the  veap&n .  A  graph  of  the 
distribution  us  ejector  chamber  pressures  for  I6.08C  in. /lbs  nesc  down 
acveat  is  shown  ««  Figure  1?  and  fur  32,000  in. /lbs  on  Figure  16,  The 


Strokes,  No  External  Force,  3000  PSI,  Mk  82  Bomb 


Figure  17.  Forward  and  Aft  Ejector  Pressure  Summation  -  6/6  In.  Strokes, 
16,000  Xn./lbs  Applied  Nose  Down  Moment,  3000  PSI,  Mk  82  Bomb 


Figure  18,  Forward  and  Aft  Ejector  Pressure  Summation  -  6/6  In.  Strokes, 
32,000  In. /lbs  Applied  Nose  Down  Moment,  3000  PSI,  Mk  82  Bomb 


total  (sum  of)  pressure  curves  are  the  same  for  all  ejections  at  3000 
psi.  The  pressure  curves  of  the  forward  and  aft  piston  assemblies  (on 
Figure  17  and  18)  show  the  automatic  distribution  of  pressure  to  balance 
the  external  force.  As  more  and  more  force  is  applied,  the  pressure  is 
distributed  to  the  aft  piston  until  all  the  pressure  is  at  the  aft 
assembly  with  the  853  lb  load  applied. 


Non-Parallel  Ejection 

The  remainder  of  the  tests  were  performed  with  stroke  changes  induced. 
The  aft  piston  stroke  was  held  constant  at  6.0  inches  while  the  forward 
piston  assembly  was  reduced  to  4.5  inches.  The  same  external  force  was 
applied,  as  in  the  parallel  ejection  tests,  to  determine  the  effect  on 
ejection  performance.  Figures  19  and  20  contain  graphs  of  the  pressure 
curves  for  16,000  and  32,000  in. /lbs  applied  nose  down  moment,  respectively, 
showing  the  change  in  the  forward  and  aft  piston  pressures  while  the 
total  (sum  of)  pressure  curves  of  each  remain  the  same.  The  ejector 
system  automatically  compensates  for  the  external  load  by  balancing  the 
pressures  required  for  controlled  ejection.  Test  data  showed  an  attitude 
control  capability  of  the  test  hardware  of  up  to  32,000  in. /lbs  nose  down 
moment  at  a  GN^  pressure  of  3000  psi. 

Acceleration  and  Velocity  During  Ejection 

Acceleration  and  velocity  data  for  the  3000  psi  tests  (with  externally 
applied  loads)  are  contained  in  Appendix  C,  Figures  C-l  through  C-4.  The 
acceleration  and  velocity  data  were  obtained  from  the  recorded  acceleration 
of  the  forward  and  aft  accelerometers  on  the  bomb. 
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Figure  20.  Forward  and  Alt  EJeetor  Pressure  Summation  -  4.5//6  In.  Strokes 
32,000  In. /lbs  Applied  Nose  Down  Moment,  3000  PSI,  Mk  82  Bomb. 


SUMMARY  AND  CONCLUSIONS 


The  results  of  these  first  tests  indicate  the  ejector  system  has  the 
capability  to  provide  parallel  dependent  ejection  and  to  control  the  store 
in  the  pitch  plane  during  the  ejection  cycle.  With  increased  aircraft 
speeds,  and  the  possible  requirement  for  supersonic  release  of  stores,  it 
becomes  apparent  that  pitch  control  of  stores  must  be  maintained  throughout 
the  ejection  cycle.  An  ejector  system  with  pitch  control  will  expand  the 
current  release  envelopes  and  still  ensure  safe  separation  of  the  weapon 
systems  providing  better  compatibility  with  the  performance  of  existing 
aircraft  and  the  future  generation  of  advanced  aircraft.  The  use  of 
hydraulics  allows  for  flexibility  in  design  of  the  ejector  stroke  length 
without  significant  increases  in  width,  height  or  weight  of  the  bomb  rack. 
Current  designs  allow  an  ejector  piston  stroke  extension  of  up  to  11  incnes 
The  capability  of  increased  ejection  stroke  lengths  and  cold  gas  power 
systems  will  give  more  uniform  store  accelerations  and  will  result  in 
higher  end  of  stroke  velocities.  The  dependency  characteristics  will 
assure  pitch  control  of  the  store  throughout  the  ejection  stroke.  Given 
the  requirement  for  ejection  with  changes  in  the  pitch  plane  of  the  store, 
the  ejector  controls  allow  for  pitch  attitude  change  at  end  of  stroke 
without  pitch  rate,  or  ejection  of  the  store  with  induced  pitch  angular 
rate. 


Ejector  systems  of  this  type  will  control  the  store  pitch  attitude 
independent  of  flow  field  forces  and  moments.  Therefore,  during  the 
ejection  stroke,  the  flow  field  forces  are  ineffective  in  perturbing  the 
store  in  the  pitch  plane.  The  determination  of  the  magnitudes  and  direc¬ 
tions  of  these  flow  field  forces  throughout  the  aircraft  flight  envelopes 
is  of  major  importance  in  enabling  an  adequate  design  of  the  ejector  power 
system  to  balance  these  forces. 

An  added  potential  for  this  ejector  system  is  the  capability  t,o 
measure  ejector  pressures  (and  thus,  force/time)  in  each  ejector  assembly 
during  ejection  of  the  store.  To  date,  the  ability  to  determine  what 
force,  or  forces  are  required  to  maintain  the  store  parallel  during  ejec¬ 
tion  has  not  been  demonstrated.  This  capability  to  measure  the  pressures 
as  a  function  of  time  should  be  a  useful  tool  to  the  aerodynamicist  in 
analyzing  flow  field  phenomena  for  a  better  understanding  of  the  forces 
acting  on  the  store  during  ejection. 

By  use  of  a  cold  gas  power  system  the  capability  exists  to  control 
store  ejection  velocities  by  varying  the  ejection  pressures  as  required  for 
safe  separation.  This  could  be  an  automatic  feature  built  into  the  air¬ 
craft  fire  control  system.  A  pressure  sensor  and  control  valve  could  be 
used  to  reduce  the  ejection  pressure  so  safe  separation  of  the  store  could 
be  maintained.  For  example,  a  fully  loaded  HER  would  be  ejected  with 
maximum  ejector  pressure.  As  stores  are  released,  the  primary  ejection 
pressure  would  be  adjusted  to  match  the  existing  load  on  the  MER  until  such 
time  as  the  HER  is  empty.  The  adjusted  pressure  would  bo  the  correct 
ejection  pressure  for  an  empty  HER  rack.  This  automatic  capability  would 
allow  ejection  of  various  stores  from  the  same  ejector  with  the  same 
ejector  with  the  correct  pressure  for  better  ballistic  separation* 
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Ultimately,  a  complete  set  of  release  parameters  for  each  store  could 
be  stored  within  the  aircraft  computer.  With  the  integration  of  the 
aircraft  sensors  to  indicate  status  at  any  time  during  flight,  the  ejector 
stroke  and  ejection  controls  could  be  set  automatically  to  match  the  re¬ 
lease  environment  present  at  that  instant. 

The  use  of  a  cold  gas  power  system  is  highly  recommended  and  should 
reduce  the  overall  maintenance  requirements  to  depot  level  only.  A  cold 
gas  system  will  eliminate  or  reduce  the  following  problem  areas  of  ejection 
systems  currently  in  use: 

1.  Aeroelastic  problems  during  ejection  through  the  capability 
to  adjust  the  ejection  forces  to  match  the  store. 

2.  CAD  radiation  hazards  in  the  aircraft /store  environment. 

3.  Removal,  replacement,  cleaning  requirements  and  performance 
variability  of  CADs. 

Current  and  projected  FY76/77  activities  are  to  design  flight  weight 
hardware  for  environmental  and  operational  testing.  Future  considerations 
are  for  self-contained  cold  gas  power  systems  which  utilize  the  aircraft 
hydraulic/pneumatic  systems  to  recycle  the  ejector  system  to  the  pres¬ 
surized  condition  after  store  release.  A  complete  system  design  integrates 
other  advanced  armament  elements  such  as  stores  management  system,  data  and 
power  interface  system,  automated  sway  bracing,  and  automated  stores  and 
station  identification  system. 
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APPENDIX  A 

Appendix  A  contains  a  graphic  presentation  of  simulated  air  loads 
(Figure  A-l),  showing  applied  moment  and  force,  on  a  typical  Mk  82  bomb 
which  were  externally  induced  for  these  tests.  Also  contained  herein 
is  a  list  of  aircraft  currently  using  Greene  Tweed  seals  (TABLE  A-l)  and 
a  complete  listing  of  the  dual  ejector  system  test  conditions  (TABLE  A— II). 


Aircraft  currently  utilizing  Greene  Tweed  Seals  in  landing  gear  shock 
strut  systems  are  listed  in  Table  A-l. 

TABLE  A-l.  Aircraft  Utilizing  Greene  Tweed  Seals. 

CIVIL 


(Delivered  by  the  manufacturer  with  Greene  Tweed  Seals.) 


Boeing  727 

Douglas 

DC-8 

Lockheed 

L- 101 1 

Boeing  737 

Douglas 

DC-9 

Concorde 

Boeing  747 

Douglas 

DC-10 

A- 300 
Mercure 

MILITARY 

A-7 

C-5A 

CM- 3 

F-4 

T-2 

A-10 

C-7A 

CH-53 

F-8 

T-38 

A-37 

C-123 

CK-46 

F-5 

8-66 

C-130 

F-14 

S-3A 

KC-135 

F-15 

C-141 

F-102 

C-118 

F-103 

F-ill 

Development  Stage  Military  Aircraft 

3-1 

YF-16 

VF-17 

UYtAS  and  MUf  helicopters 
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TABLE  A-II.  Dual  Ejector  Test  Conditions 


EJECTION  PRESSURE  EJECTION 


SERIES 

NO. 

TEST 

NO. 

INITIAL 

INCRF. 

MENT 

I 

1-9 

1000 

250 

II 

1-9 

1000 

250 

III 

1-3 

2000 

500 

IV 

1-3 

2000 

500 

V 

1-3 

2000 

500 

VI 

1-2 

2500 

500 

VII 

1-3 

2000 

500 

VIII 

1-3 

2000 

500 

IX 

1-2 

2500 

500 

X 

1-2 

2500 

500 

XI 

1-2 

2500 

500 

STROKE 


FINAL 

FWD 

AFT 

FORCE 

MOMENT 

3000 

6.00 

6.00 

0 

0 

3000 

6.00 

4.54 

0 

0 

3000 

6.00 

3.07 

0 

0 

3000 

6.00 

6.00 

427 

-16K 

3000 

6.00 

6.00 

853 

-32K 

3000 

6.00 

6.00 

1280 

-48K 

3000 

4.54 

6.00 

427 

-16K 

3000 

4.54 

6.00 

853 

-32K 

3000 

4.54 

6.00 

1280 

-48K 

3000 

3.06 

6.00 

853 

-32K 

3000 

3.06 

6.00 

1280 

-48K 
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APPENDIX  B 


Appendix  B  contains  acceleration  and  velocity  curves 
(Figures  B-l,  8-2  and  B-3)  for  3000  psi  ejection  pressures  with 
no  external  forces  applied  to  the  Mk  82  bomb.  Acceleration  and 
velocity  data  for  ejector  stroke  lengths  of  6.0  in.  forward/ 

6.0  in.  aft,  6.0  in.  forward/4.5  in.  aft,  and  6.0  in.  forward/ 
3.0  in.  aft,  respectively,  are  contained  in  these  figures. 


Figure  8-1 .  Acceleration  and  Velocity  -  6/6  In.  Strokes 
No  External  Force,  30GQ  PS I,  Mk  82  Bomb. 
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Figure  B-2.  Acceleration  and  Velocity  -  6/4.5  In.  Stroke* 
No  External  Force,  3000  PSI,  Mk  82  Bomb. 


APPENDIX  C 


Appendix  C  contains  acceleration  and  velocity  curves 
(Figures  C-l  thru  C-4)  for  3000  psi  ejection  pressures  with 
external  simulated  air  loads  applied  to  the  Mk  82  bomb. 
Acceleration  and  velocity  data  for  ejector  stroke  lengths  of 
6.0  in.  forward/6.0  in.  aft  and  4.5  in.  forward/6.0  in.  aft, 
respectively,  with  externally  applied  nose  down  moment  of 
16,000  and  32,000  in. /lbs  are  contained  in  these  figures. 


Figure  C-l.  Acceleration  and  Velocity  -  6/6  In.  Strokes.  16,000 

Xn./lbs  Applied  Nose  Down  Moment,  3000  PSI,  Mk  82  Bomb 


Figure  C-2.  Acceleration  and  Velocity  -  6/6  In.  Strokes,  32,000 

In./lba  Applied  Nose  Down  Moment,  3000  PSI,  Mk  82  Bomb. 


THE  DEVELOPMENT  OK  A  COMPACT  HIGH  STRENGTH 
EJECTOR  RELEASE  UNIT  FOR  MRCA 

(Article  UNCLASSIFIED) 

by 

B.  Hiscock 

Director  and  Technical  Manager 
Frazer-Nash  Limited  ’ 

Kings  ton -upon- Thames 
Surrey,  U.K. 


ABSTRACT,  (U)  This  paper  describes  the  new  high  strength 
Ejector  Release  Unit,  inappropriately  named  the  Light  Duty 
Ejector  Release  Unit,  which  has  been  designed  and  developed 
by  Frazer-Nash  Limited  for  use  on  the  three  nation  Multi-Role 
Combat  Aircraft  (MRCA).  The  equipment  is  to  be  produced  in 
quantity  for  the  three  nations  by  Sandall  Precision  Company 
Limited  a  subsidiary  of  Westland  Aircraft  Limited. 

The  new  release  equipment  is  a  twin  suspension,  twin 
ram,  cartridge  operated  ejector  unit  designed  to  suit  stores 
having  14“  pitch  suspension  lug  pockets,  II  has  a  number  of 
unique  features  born  of  the  requiramer.  to  achieve  carriage 
strength  normally  associated  with  Ejector  Release  Units  of 
30“  pitch  suspension. 

The  design  features  a  crutchless  system  of  store 
suspension  derived  from  the  Minimum  Area  Crutchless  Ejector 
(MACE)  developed  by  the  Royal  Aircraft  Establishment  at 
Farnborough  over  the  last  two  ye  <;*s,  The  suspension  is 
designed  to  suit  saddle  lugs  to  tv,  new  Stanag  372?  and 
embodies  a  twin  lobed  hook  wiw  a  system  of  directly 
coupled  sprung  wedges  which  results  in  a  very  rigid  store 
location. 

In  order  to  contain  production  costs  and  to  achieve  the 
required  carriage  strength  a  new  caetablu  maraging  steel  of 
extremely  high  strength  was  utilised  for  the  ram  cases  and 
breeches. 


Approved  for  Public  Release,  Distribution  Unlimited 
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The  properties  of  this  cast  material  are  very  close  to  its 
wrought  equivalent  in  terms  of  proof  strength,  elongation 
and  reduction  of  area.  These  properties  have  made  possible 
a  compact  design  of  14"  ERU  capable  of  supporting  a  twin 
store  carrier  loaded  with  two  1000  lb  stores  attached  to 
similar  ERU's,  and  also  to  withstand  the  very  high  moments 
of  load  resulting  from  ejection  of  stores  from  this 
configuration. 

Other  distinctive  features  of  this  new  ejector  are  it. 
gas  operated  retracting  rams  and  the  fully  isolated  and 
filtered  firing  circuits. 

The  retracting  rams  combined  with  the  slim  profile 
of  the  ERU  engender  minimum  drag  in  pylon  installations 
whilst  the  performance  of  the  ERU  is  developed  to  impart 
better  than  10*  per  sec.  velocity  to  a  store  of  1200  lbs.  . 
mass  from  either  U.K,  or  U.S.A.  cartridges  to  Sfcanag  3556 
under  static  conditions. 

The  paper  describes  the  suspension  system  of  the  ERU 
and  the  benefits  attributable  to  it. 
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INTRODUCTION 


The  Light  Duty  Ejector  Release  Unit  was  designed 
and  developed  in  response  to  the  requirement  of  Panavia 
Aircraft  for  the  carriage  of  stores  on  the  Multi  Role 
Combat  Aircraft  (MRCA)  being  built  by  the  United  Kingdom, 

West  Germany  and  Italy. 

The  aim  was  to  produce  a  14"  ERU  capable  of  carrying 
a  wide  range  of  stores  up  tc  1200  lb  in  weight  and 
including  a  twin  store  carrier  fitted  with  similar  release 
units  each  loaded  with  1000  lb  bombs,  approximately 
2500  lbs  in  total.  The  carriage  and  release  capability 
of  the  unit  was  to  be  such  that  no  limitations  were  to  be 
imposed  on  the  flight  envelope  of  the  aircraft  due  to  any 
limitations  of  the  release  unit  itsglf. 

Good  reliability,  minimum  maintenance  ana  an  ejection 
performance  marginally  better  than  other  conventional  14" 
release  v.ni ts  were  also  required  by  the  Panavia  specification. 

In  conjunction  with  the  high  strength  capability  a 
philosophy  of  minimum  drag  was  to  be  pursued.  The  latter 
requirement  led  to  the  choice  of  an  Ejector  Release  Unit 
based  on  the  principle  of  the  Minimum  Area  Crutchless 
Ejector  (MACE)  developed  in  the  U.K.  by  the  Royal  Aircraft 
Establishment . 

The  principle  of  the  MACE  system  of  store  suspension 
is  described  in  detail  in  this  paper.  The  decision  to 
adopt  this  principle  gave  impetus  to  the  design  and 
development  of  a  new  Sfcanag  saddle  lug  (Staneg  3 72?)  capable 
of  withstanding  the  very 'high  loads  produced  due  to  the 
compactness  of  the  MACE  suspension  system. 

The  urgent  need  far  the  development  of  this  new 
saddle  lug  was  born  of  the  requirement  to  carry  a  twin  store 
carrier  loaded  with  two  1000  lb  stores  on  a  14“  suspension 
ejector  release  unit.  A  capability  which  had  not  been 
possible  before  due  to  the  limitations  of  the  standard  MATO 
bale  lug:  normally  fitted  to  stores  with  14"  pitch  leg 
pockets,  anti  also  the  limitations  of  the  crutch  arms  of 
sonventianol  14*  ejector  release  units. 

This  high  strength  capability  of  the  Hf?CA  14"  unit, 
which  is  unmatched  by  any  other  14"  unit  either  in  Europe 
or  the  0*5. A.,  makes  the  term  ‘Light  Duty*  Ejector  Release 
Unit  seem  S ^appropriate .  The  term  was  given  by  Panavia  to 
differentiate  between  t *4“  and  the  heavier  3Q"  unit 
also  being  developed  for  MR  A. 


Development  of  both  the  new  saddle  lug  and  the  ejector 
release  unit  is  still  continuing  out  sufficient  work  has 
been  carried  out  to  date  to  establish  confidence  that  all 
the  aims  of  the  new  weapon  carriage  system  are  going  to  be 
fully  realised.  The  14"  variant  of  the  saddle  lug  has  now 
undergone  a  series  of  ultimate  load  tests  and  has  been 
given  flight  clearance. 

The  Ejector  Release  Unit  lias  now  completed  all  its 
qualification  tests  and  the  start  c "  flight  testing  is  now 
imminent.  A  similar  unit,  designateu  the  ERU  123, 
developed  for  the  United  Kingdom  Ministry  of  Defence  has 
already  been  extensively  flown  to  study  the  carriage  and 
release  characteristics  of  the  MACE  principle.  The  results 
of  these  tests  confirm  bo^h  the  reduction  of  drag  with 
consequent  increase  in  range  and  reduced  turn  round  time 
by  elimination  of  crutC'  pad  adjustments. 
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GENERAL  DESCRIPTION 


The  Light  Duty  Ejector  Release  Unit  is  a  twin  ram, 
twin  cartridge  ejector  release  unit  capable  of  carrying 
most  stores  with  14  inch  pitch  standard  NATO  lug  pockets 
and  conforming  to  the  general  requirements  of  MIL  STD 
859  IE . 


Thu  unit  utilises  a  conventional  overcentre  geometric 
locking  system  to  operate  the  hooks  and  maintain  them  in 
either  the  open  or  closed  attitude  by  means  of  a  spring 
plunger  reacting  on  the  central  toggle  lever  arm  (see  Fig.  2). 

The  gas  system  comprises  the  breech,  which  is  situated 
centrally  within  the  ERU,  two  gas  pipes  leading  to  forward 
and  aft  ram  casss  which  house  the  throttle  facilities  and 
the  retracting  rams. 

The  breech,  designed  to  accept  cartridges  conforming 
to  Stanag  3556,  e.g.  the  U.K.  201  Mk  1  or  the  U.S.A.F. 
ARD863/1,  also  embodies  an  actuator  piston  which,  on  firing, 
reacts  on  the  central  toggle  lever  to  open  the  hooks. 

The  gas  circuit  includes  end  bursting  cartridges  and 
coarse  filtration  at  the  cartridge  holder  to  limit  the 
possibility  of  blocking  a  throttle  due  to  cartridge  debris 
(see  Fig,  3) . 

The  throttles  are  simple  cylindrical  components  with 
a  drilled  crosshole  embodying  a  molybdenum  insert  to 
resist  erosion.  These  assemblies  are  inserted  into  a 
transverse  hole  in  the  ram  case  which  intercepts  the  drill- 
way  forming  the  gas  path  to  the  ram  cylinder.  The  throttles 
are  retained  in  angular  alignment  by  a  key  and  keyway  and 
locked  in  by  means  of  a  ball  detent.  The  throttles  can 
thus  be  inserted  or  removed  by  one  motion  using  a  special 
bayonetted  tool  which  automatically  releases  the  ball 
detent. 

The  throttles  d o  not  have  seals.  The  cIosb  fit  of  the 
throttle  body  in  the  ram  case  provide  sufficient  sealing 
and  makes  for  minimum  maintenance. 

Three  standard  sizes  of  throttle  orifice  cover  the 
full  range  of  stores  proposed.  Orifice  size  is  selected 
for  fore  and  aft  throttles  to  suit  store  mass,  c  .g.  polar 
inertia  and  aerodynamics  and  to  give  clean  ejection  at 
maximum  velocity  consistent  with  limiting  the  reaction  to 
suit  aircraft  structural  constraints.  A  single  variable 
throttle,  preset  before  take  off,  is  currently  being 
designed  and  developed. 
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Mounted  above  the  breech  is  a  cast  box  embodying  the 
firing  circuits.  The  circuits  include  the  usual  rad. 
haz. filters  and  also  as  an  option  a  relay  isolation  circuit 
designed  to  give  absolute  protection  from  imported  induced 
electrical  transients.  The  arrangement  of  the  relays  also 
provides  additional  safety  such  that  firing  pulses  must 
occur  on  two  lines  simultaneously  to  ignite  either 
cartridge.  Each  cartridge  has  an  entirely  separated  electrical 
firing  circuit  but  in  the  event  of  only  one  cartridge  being 
electrically  initiated,  sympathetic  ignition  of  the  other 
cartridge  occurs  due  to  the  breech  chambers  being  inter¬ 
connected. 

Three  microswitches  operated  by  the  hook  overcentre 
mechanism  serve  as  fusing  supply  breaks,  store  on  station 
indication  and  firing  circuit  breaks.  These  switches  will 
eventually  be  replaced  by  a  new  slide  switch  being 
developed  for  the  U.K.  Ministry  of  Defence  to  improve  the 
reliability  of  the  switched  circuits  and  provide  a  fail 
safe  feature. 

The  ram  case  assemblies  embody  the  major  load  carrying, 
components  associated  with  the  MACE  principle  of  store 
suspension  which  comprise  a  forked  hook,  a  pair  of  wedges 
mechanically  linked  to  the  hook  and  a  spigot  for  reacting 
axial,  sid^  and  yaw  loads. 

Although  the  overall  space  envelope  is  similar  to 
other  14"  ERU's  (see  Fig.  4)  it  is  worth  re-mentioning 
here  that  this  unusually  strong  14"  unit  is  capable  of 
carrying  2500  lbs  in  the  form  of  a  loaded  twin  store 
carrier  (T.S.C.)  and.  also  capable  of  reacting  the 
resultant  17000  lbs  ft  moment  on  the  suspension  system  during 
th8  ejection  of  one  store  from  the  T.S.C.  This  high 
strength  capability  is  met  within  an  envelope  of  only  50mm 
(1.S6  inches)  wide  except  for  the  hook  and  the  ram  case 
wedge  housings  which  are  only  80mm  (3.15  inches)  wide. 


THE  MACE  SUSPENSION  SYSTEM 


PHILOSOPHY 

For  many  years  studies  have  been  made  to  examine  what 
improvements  can  be  made  to  reduce  the  drag  and  other 
deleterious  effects  of  weapon  carriage  and  release  systems. 

Aircraft  designers,  who  above  all  are  conscious  of 
the  need  t r  maintain  low  drag  profiles  to  optimise  range 
and  perform  'oe  as  well  as  to  reduce  operating  costs,  are 
very  familiar  with  the  drag  penalty  attributable  to  the 
crutch  arm  protuberances  of  conventional  weapon  release 
units . 

With  this  in  mind,  and  also  the  ever  present  need  to 
reduce  operational  turn  round  time  and  ground  crew  team 
size,  the  principle  of  MACE  (Minimum  Area  Crutchless 
Ejector)  was  developed  by  the  Royal  Aircraft  Establishment 
at  Farnborough,  U.K. 

The  MACE  principle  recognises  the  fact  that  there  are 
in  existence  large  quantities  of  aircraft  munitions 
designed  to  be  carried  by  conventional  crutched  ERU’s,  and 
that  these  are  not  likely  to  be  replaced  for  many  years. 

The  MACE  concept  therefore  was  designed  to  be  applied  to 
existing  stores  through  the  substitution  of  the  conventional 
bale  lug  for  a  Saddle  Adaptor  lug. 
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DESCRIPTION  OF  OPERATION 


SAOCLE  LUG 

To  suit  the  MACE  philosophy  of  suspension  it  was 
necessary  to  design  and  develop  the  new  saddle  adaptor 
lug  shown  on  Figure  5.  The  special  .saddle  lug  which  has 
recently  received  recognition  as  a  NATO  3TANAG  CSTANAG 
372 ?)  is  fitted  to  stores  by  msan§  of  a  securing  ring. 

The  underside  of  the  saddle  is  shaped  to  §yit  a 
variety  of  store  diameters  or  profiles?  and  is  pre- tensioned 
to  it  by  torque  tightening  of  the  securing  ring  into  the 
existing  threaded  lug  pocket.  The  innermost  faces  of  the 
saddle  lugs  have  two  profiled  recesses  to  accept  the 
ejector  hock!*  which  have  eorresponding  twin  tapered 
projections  inibs}.  Nearly- all  existing  stores  to  NATO 
agreed  standards  nssy  be  adapted  in  this  simple  manner  for 
operation  with  MACE  type  ejectors. 

EJECTOR  SUSPENSION  SYSTEM 

The  components  of  tha  ejector  release  unit  which  are 
specifically  designed  for  the  MACE  carriage  system  are 
shown  in  Figure  6  and  comprise  a  very  high  strength  hook, 
a  pair  of  sliding  wedges  to  react  vertical  upward  forties 
due  to  pitching  and  rolling  moments  and  a  spigot  which 
engages  with  a  central  reuses  within  the  saddle  lug  screwed 
ring  to  react  the  side  and  yaw  loads.  All  these  components 
are  assembled  to  the  ram  case  which  also  embodies  the 
mounting  holes  for  the  pylon  attachment  bolts. 

The  hook  is  designed  with  twin  protuberances  which  are 
a  close  fit  within  the  saddle  lug  recesses.  The  hook  is 
pivoted  from  the  ram  case  by  a  hollow  fulcrum  sleeve  which 
also  provides  one  of  the  attachment  bolt  holes  to  the  pylon 
Hook  loads  are  thus  transferred  as  directly  as  possible  in¬ 
to  the  pylon  making  for  maximum  load  transrnissabi  iity  and 
stiffness . 

The  wedges  are  loosely  contained  within  inclined  slide 
ways  machined  into  buttresses  on  either  side  of  the  ram 
case.  They  are  also  mechanically  attached  to  the  hooks  by 
means  of  connecting  rods  which  have  limited  axial  movement 
through  holes  machined  into  lugs  projecting  from  the  sides 
of  the  hooks.  A  compression  spring,  coaxial  with  the  rod 
between  the  hook  lug  and  the  wedge,  provides  the  means 
of  automatically  driving  the  wedge  forward  into  contact 
with  the  top  surface  of  saddle  lug  on  cocking. 
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The  spigots  are  deeply  recessed  into  the  undersioe  of 
the  ram  case  into  which  they  are  screwed  and  locked  by 
means  cf  a  grub  screw. 

In  operation  the  movement  and  locking  of  the  hooks  is 
by  means  of  the  over-centre  toggle  mechanism  (see  Fig.  7). 

The  wedges,  being  mechanically  linked  to  the  jaw  are  constrained 
to  move  with  it  when  uncocked  but  free  to  slide  sufficiently 
to  obviate  clearance  between  the  saddle  lug  and  wedge 
lower  profile  when  cocked.  This  arrangement  is  designed 
to  guarantee  that  under  icing  or  other  conditions  likely 
to  inhibit  movement,  the  wedges  are  forcibly  withdrawn  as 
the  hooks  open  to  ensure  the  necessary  overtravel  clearance 
for  subsequent  bombing  up  operations.  It  will  be  apparent 
from  Figure  7  that  on  loading  the  store  the  act  of  closing 
the  jaws  produces  a  spring  load  on  the  wedges  which  causes 
them  to  move  in  and  take  up  all  available  clearance  between 
the  ram  case  and  the  saddle.  This  feature  gives  good 
rigidity  during  carriage  and  obviates  the  neea  for  crutch 
arms  with  the  four  crutching  screws.  Store  loading  time 
is  therefore  minimisec  as  with  one  motion  the  ejector  is 
both  cocked  and  crutchsd. 

The  lower  surface  of  the  wedge  is  profiled  with  a 
slight  curve  to  ensure  that  tht  point  of  contact  with  the 
sadoie  lug  is  predictable  ano  compensates  for  any  angular 
mis- alignment  of  the  lug  that  might  otherwise  upset  the 
aparatiun  of  the  wedge,. 

Turing  flight  it  is  important  that  the  wedge  does 
not  move  out  of  engagement  witn  the  saddle  Icjp  an  the 
compressive  load  increases.  Conversely  it  is  also  important 
that  the  unloaded  wedge  during  <a  rolling  load  should  not 
become  so  deeply  engaged  that  the  subsequent  manual  un¬ 
cocking  to  remove  a  non-roleas-ed  store  i«5  difficult.  These 
criteria  are  satisfied  by  the  careful  choice  of  wedge 
angle,  surface  finishes  and  spring  load  and  much 
experimentation  has  been  carried  out  at  RAE  Farnborougfi  to 
this  purpose. 

LOAD  PATH 


The  difference  in  load  path  between  a  crutghad  -and 
crutchless  ejector  is  illustrated  in  fig*  0. 

In  the  case  of  a  conventional  crutched  unit  a  direct 
side  load  generated  by  aerodynamic  and  inertia  loads  on  a 
store  is  reacted  on  projections  from  the  ram  case  forcing 
which  abut  the  side  of  the  bale  lug.  The  momhnt  duo  tn 
the  offset  of  this  load  produces  a  downward  load  on  the 
hook  and  an  upward  load  on  the  crutch  arm  pad  on  the  relevant 
side  of  the  unit. 
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In  the  case  of  the  MACE  unit  the  direct  side  load  is 
reacted  by  the  spigot  engaging  within  the  saddle  lug 
securing  ring  (see  Fig.  9).  The  downward  component  due  to 
the  resultant  moment  is  reacted  through  one  of  the  hook 
nibs  and  the  upward  load  through  the  opposite  wedge.  It 
will  be  seen  that  the  distance  between  the  reaction  points 
on  the  crutched  and  crutchless  ejectors  are  not  very  dis¬ 
similar,  so  that  reaction  loads  are  not  significantly 
higher  on  the  MACE  unit  for  a  given  applied  moment.  It  is 
apparent,  therefore,  that  the  overall  strength  and  stiffness 
as  well  as  the  frontal  area  effect  of  the  crutchless 
system  are  superior  to  the  more  conventional  unit.  In 
fact  the  maximum  width  of  the  MACE  unit  at  the  wedge  housings 
is  no  more  than  the  width  of  a  typical  pylon  into  which  it 
may  be  fitted. 

The  significance  of  the  load  carrying  capability  of 
the  MRCA  light  duty  ejector  unit  has  already  been  mentioned 
and  is  amply  demonstrated  by  the  fact  that  it  is  proposed 
to  carry  a  twin  store  carrier  loaded  with  two  1000  lb 
bombs  mounted  on  identical  ERU's.  (See  Fig.  10).  The  ERU 
is  to  sustain  not  only  the  full  carriage  loads  due  to  this 
configuration  but  also,  more  significantly,  the  severe 
moments  that  derive  from  the  ejection  of  one  of  the  two 
bombs  (see  Fig .  11). 

The  maximum  thrust  of  the  ejector  units  is  10,000  lbs 
and  it  will  therefore  be  appreciated  that  the  moments  to  be 
reacted  by  the  jaws  and  wedges  of  the  unit  supporting  the 
twin  store  carrier  are  extremely  high  and  are  in  the  order 
of  17,000  lbs  ft.  This  moment  results  in  reactions  on 
one  hook  nib  and  a  wedge  in  the  order  of  45,000  lbs. 

To  the  knowledge  of  the  author,  no  other  14"  ejector 
release  unit  either  in  Europe  or  USA  has  this  strength 
capability.  It  has  always  been  previous  practice  to  support 
such  carriers  from  30"  suspension  units.  Certainly  no 
other  crutched  type  14"  ERU  can  approach  this  strength  with¬ 
out  there  being  a  spigot  between  the  T.S.C.  and  the  pylon 
to  react  the  high  moment  loads.  The  strength  of  conventional 
ERU's  is  also  limited  due  to  the  strength  of  the  standard 
NATO  bale  lug  which  is  designed  for  1000  lb  class  stores 
only  i.e.  for  stores  up  to  1,450  lbs  weight,  whereas  the 
load  carrying  capability  of  the  MRCA  crutrhless  unit  is  due 
to  the  development  by  the  RAE  in  UK  of  the  new  saddle  type 
suspension  lug  for  14"  centres  which  is  capable  of  carrying 
stores  up  to  2500  lbs. 

RETRACTING  RAMS 


In  keeping  with  the  minimum  drag  philosophy  it  was 
logical  that  automatic  retracting  rams  (see  Fig.  12  should 
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be  specified  for  this  ERU  and  of  the  two  alternative  modes 
of  retracting  ram,  i.e.  spring  return  or  gas  return,  gas 
was  chosen  becausej- 

a.  It  avoids  the  difficulty  of  having  to  hook  up  the 
spring  to  the  top  of  the  ram  case  bore,  a  problem 
which  is  extremely  difficult  to  overcome  when 
removing  pistons  for  cleaning  from  an  ERU  situated 
in  the  aircraft  pylon. 

b.  It  avoids  the  need  to  provide  elaborate  erosion 
protection  for  the  spring. 

c.  It  enables  a  piston  to  be  designed  with  a  solid  head 
thus  minimising  the  internal  volume  of  the  ERU  and 
reducing  adiabatic  and  other  conducted  losses. 

d.  It  provides,  when  properly  valved,  a  significantly 
larger  retracting  force  than  a  spring. 

The  retracting  ram  illustrated  comprises  a  hollow 
piston  with  an  axial  pintle  valve  which  is  free  to  slide 
through  bores  at  the  head  and  base  of  the  piston. 

The  piston  is  fitted  with  two  conventional  piston 
rings  and  just  under  the  piston  head  a  small  hole  is 
drilled  radially  to  connect  the  annular  area  under  the  head 
with  the  hollow  centre  of  the  piston. 

The  pintle  valve  consists  of  a  tube  open  at  both  ends 
which  has  a  small  hole  drilled  radially  through  the  tube 
wall  near  the  bottom  and  an  enlarged  diameter  near  the  top 
forming  a  valve  seat. 

When  assembled  the  pintle  valve  is  retained  by  a 
screwed  ring  which  locates  in  the  bottom  of  the  piston  and 
the  pintle  then  has  a  limited  axial  travel.  At  the  top  of 
this  travel  the  valve  is  so  arranged  as  to  seal  the  hole 
under  the  piston  head,  and  at  the  bottom  of  its  travel 
the  radial  hole  at  the  bottom  of  the  pintle  tube  is  sealed 
off  by  the  bore  of  the  screwed  retaining  ring. 

The  principle  of  operation  is  as  followsj- 

When  the  cartridges  are  ignited,  gasses  pass  through 
the  throttle  into  the  ram  case  and  the  piston  and  pintle 
valve  are  forced  hard  down  onto  the  surface  of  the  store. 
Contact  with  the  store  effectively  closes  off  the  pintle 
valve  to  atmosphere  so  that  gases  passing  down  the  centre 
of  the  valve  from  over  the  piston  head  are  diverted,  through 
the  drillway,  into  the  hollow  centre  of  the  piston  which 
serves  as  an  accumulator. 
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The  accumulator  charges  up  continuously  throughout  ths 
stroke  of  the  ram  until  on  reaching  the  end  of  stroke 
the  ram  is  arrested.  The  pintle  continues  until  it 
reaches  the  end  of  its  travel  and  separates  from  the 
store.  At  this  point  the  residual  gas  above  the  piston 
is  vented  to  atmosphere  through  the  pintle  valve,  the 
drillway  into  the  accumulator  is  sealed  off  by  the  bore  of 
the  screwed  retaining  ring,  and  the  drillway  under  the 
piston  head  is  exposed  so  that  the  accumulated  gas  in  the 
body  of  the  piston  is  vented  to  the  annular  area  under 
the  piston  head. 

As  the  residual  gas  vents  to  atmosphere  the  piston 
retracts  sharply  when  the  ratio  of  pressures  under  and 
above  the  piston  head  exceeds  the  ratio  of  areas. 

Retraction  forces  of  200  lbs  are  consistently  achieved 
by  this  means  which  it  is  calculated  should  be 
sufficient  to  overcome  possible  stiction  caused  by  the 
aerodynamic  drag  on  the  extended  piston. 


MARAGING  CASTINGS 


The  need  to  kesp  weight  to  a  minimum  and  yet  maintain 
production  costs  to  an  acceptable  level  led  to  the  adoption 
of  a  cast  maraging  material  for  the  more  complex  and  highly 
stressed  components  in  preference  to  a  forging. 

This  cast  maraging  material  could  easily  be  the  subject 
of  a  separate  paper  but  is  worthy  of  mention  here  because 
of  the  benefits  derived  from  its  use. 


The  material  is  a  Normalair  Garrett  proprietary 
specification  designated  NGMS80Q.  It  has  been  approved  by 
the  U.K.  Quality  Assurance  Authorities  as  an  aircraft  steel 
and  is  currently  being  indexed  in  the  U.K.  D.T.D.  aircraft 
standards. 


The  chemical  composition  is  based  largely  on  the 
specifications  for  wrought  maraging  materials  where  Nickel, 
Cobalt,  Molybdenum  are  the  primary  alloying  constituents. 
However,  modifications  to  the  composition  are  made  to  improve 
the  retention  of  properties  on  casting  through  the  double 
vacuum  process. 


This  material  was  used  for  the  ram  cases,  the  breeches 
and  the  toggle  lever  with  success  and  after  heat  treatment 
typical  physical  properties  of  the  material  are: 

Tensile  Strength 
0.2*  Proof  Strength 
Elongation 
Reduction  of  Area 


113  Tons/sq.  ins. 
104  Tons/sq.  ins. 
8* 

40* 


No  adverse  effects  from  gas  erosion  or  corrosion  caused 
by  cartridge  ignition  and  the  products  of  combustion  have 
been  observed  through  GOO  firings,  315  of  which  wore  carried 
out  on  one  URU. 


The  material  has  been  amply  demonstrated  as  a  suitable 
material  for  this  application  where  very  high  strength 
combined  with,  resistance  to  corrosion  and  erosion  are  pf 
paramount  importance. 

To  date  there  is  no  reason  to  doubt  that  the  fatigue 
capabilities  of  the  material  will,  not  be  comparable  with 
its  wrought  equivalent  though  work  is  still  continuing  on 
this  aspect. 
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The  overall  saving  in  machining  of  these  components 
compared  with  maehinii  ?  a  forging  is  very  significant  as 
the  lost  wax  process  by  which  these  castings  are  produced 
can  achieve  minimum  material  conditions  and  very  close 
tolerances  in  the  as  cast  condition. 

So  successful  is  this  material  and  process  in  containing 
costs  that  there  is  a  current  investigation  into  the 
possibility  of  producing  saddle  lugs  by  the  same  means. 
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PERFORMANCE 


This  ERU  has  consistently  achieved  11  ft/sec  ejection 
velocity  for  a  store  mass  of  1200  lbs  from  a  test  rig 
under  static  ambient  conditions  ano  within  a  reaction 
limitation  of  10,000  lbs.  Within  the  same  reaction 
limitation  and  under  similar  test  circumstances  e  plot  of 
ejection  velocity  against  store  mass  with  variation 
due  to  temperature  is  shown  in  Fig.  13. 

SERVICING 

During  the  600  firing  i-.est  carried  out  on  firing  rigs 
it  has  been  proven  that  using  the  U.K.  cartridges  No.  201 
Mk  1  the  unit  will  withstand  a  total  of  50  firings  at  all 
temperatures  without  being  removed  from  the  pylon  for 
cleaning. 

Removal  from  the  pylon  for  routine  servicing  is 
recommended  after  30  days  following  any  one  firing  or  6 
months  if  the  ERU  has  not  been  fired. 

FLIGHT  PERFORMANCE 


Although  no  flight  tests  have  yet  been  carried  out  on 
THE  MRCA,  R.A.E.  have  flight  tested  a  MACE  type  ERU  on  a 
Buccaneer  and  have  data  indicating  a  very  significant 
reduction  in  drag  compared  with  a  erutched  ERU,  From  this 
data  has  been  calculated  the  increase  in  range  that  would 
derive  from  the  fitment  of  this  ERU  to  other  U.K.  aircraft 
as  well  as  the  MRCA. 

From  the  wind  tunnel  tests  by  R.A.E,  it  has  been  shown 
that  the  removal  of  crutch  arms  produces  a  change  in  drag 
co-efficient  equal  to  0.0E  which  compares  with  the  gore  lift 
drag  coefficient  of  a  bomb  in  isolation  of  0,09  at  Mach 
0.0,  These  experiments  were  conducted  on  a  pylon/bomb 
combination  only. 

The  flight  tests  conducted  by  R.A.E.  have  further  shown 
that  stores  carried  on  MACE  units  experience  less  vibration 
and  flutter  than  is  experienced  with  conventions!  carriage. 
Some  provisional  figures  indicate  S0^  reduction  in  vibration 
levels  measured  on  an  instrumented  store. 
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MANPOWER  SAVING 

With  MACE  units  there  are  less  manhours  expended  when 
loading  stores  to  carriers  and  carriers  to  aircraft  due 
to  the  elimination  of  the  need  to  slacken-off,  torque 
tighten,  and  lock  crutching  screws. 

An  assessment  by  the  RAF  Central  Servicing  Development 
Establishment  indicates  that  there  is  an  1 1 %  manhour  saving 
when  loading  stores  to  twin  carriers  and  a  22%  manhour- 
saving  when  loading  stores  or  twin  carriers  ta  the  aircraft. 
This  saving  should  result  in  an  overall  reduction  of 
first  line  armourers. 
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DEVELOPMENT  TESTING 


During  evaluation  and  qualification  ever  60Q  firings 
have  been  performed  on  the  purpose  designed  test  rig  at 
the  Fra^er-Nash  facility  at  Kingston  upon  Thanes. 

These  monitored  firings  have  been  performed  at 
temperatures  ranging  from  -4Q°C  to  +120cC  at  the  breech 
and  with  simulated  stores  ranging  from  106  lbs  to  1210  lbs. 

The  test  rig  is  illustrated  in  Fig.  14  and  comprises 
a  portal  frame  mounted  to  a  reinforced  concrete  foundation. 

Two  mounting  stations  are  provided  each  with  a  dummy 
pylon  attached  to  a  sub-frame  which  is  suspended  from  the 
rig  portal  frame  by  tour  lead  cells.  The  electrical  outputs 
from  the  load  cells  are  integrated  to  give  reaction 
indication  duri«~"  ejection. 

One  mounting  station  is  equipped  with  thermal  facilities 
to  direct  hot  or  cold  air  at  the  pylon  area  by  electrical 
resistance  heaters  ana  sublimation  of  liquid  carbon  dioxide. 

The  stores  used  on  this  test  facility  are  slab 
weights  which  can  bo  adjusted  to  represent  differing  mass, 
centre  of  gravity  end  pitch  moment  of  inertia.  In  this  way 
a  variety  of  stores  can  be  represented  with  ease. 

The  instrumentation  associated  with  the  rig  includes 
pressure  transducers  to  measure  the  pressure  at  the  breech, 
ram  ease  above  end  below  the  piston,  load  cells  to  measure 
Enaction,  timing  devices  to  give  the  velocity  at  sash  end 
the  atcra  and  therssaceuples  to  measure  breech  and  ambient 
temperatures. 

Hydraulic  rams  are  provided  to  react  between  the  main 
portal  frame  and  the  store  to  provide  simulation  of  flight 
loads  during  ejection* 

A  foam  lined  pit  is  provided  to  arrest  the  store  after 
ejection. 

The  firing  pulses  are  provided  through  a  purpose  mode 
pulse  generator  simulating  the  aircraft  electrics  with 
variable  pulse  width  and  amplitude. 

A 22  the  instrumentation  is  connected  to  an  on  line 
computer  which,  on  demand,  initiates  the  firing  sequence 
and  stores  all  data  pertaining  to  pressures,  reactions  end 
velocities  as  well  as  event  marking  such  as  times  for  hooks 
to  open. 


590 


CONCLUSIONS 


The  concept  of  the  Minimum  Area  Crutchless  Ejector 
has  wide  application  for  the  external  carriage  of  stores  on 
high  performance  aircraft.  Its  slimness  and  high  tensile 
strength  offers  considerable  improvements  in  aircraft 
range  or  performance  while  permitting  stores  to  be  carried 
through  an  extended  flight  envelope  when  compared  with 
conventional  crutched  ERU's. 

The  MRCA  Light  Duty  ERU  has  a  strength  capability  up 
to  3  times  better  than  existing  crutched  ERU’s  and  also 
reduces  the  amount  of  vibration  and  flutter  due  to  its 
superior  stiffness. 

There  are  furtnor  significant  advantages  in  reduced 
turn  round  time  and  the  manoowsr  requirement  to  load  stores 
or  carriers  to  th8  aircraft. 

The  ERU  has  now  completed  its  development  testing  with 
considerable  success  and  further  development  work  is  being 
considered  for  other  installation  on  other  aircraft. 

For  the  future  it  is  envisaged  that  new  stores  may  be 
designed  with  the  MACE  concept  in  mind  and  would  include 
integral  lugs  for  minimum  drag,  though  no  difference  in  drag 
has  been  recorded  when  comparing  saddle  lugs  with 
conventional  bale  lugs  on  test. 

The  ERU  itself  may  be  further  enhanced  by  the  adoption 
of  automatic  latching,  which  should  reduce  the  turn  round 
time  even  further,  and  variations  on  mounting  hole  positions 
may  be  considered  for  specific  x*etro-fit  applications. 
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FIGURE  8  REACTION  OF  ROLLING  MOMENTS 
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PRDdPZ£  AWWHH3ES  OP  SAEDUB  SUSPENSION 


Figure  1  graphically  illustrates  how  the  saddle  is  affixed  to  the 
store  in  place  of  the  standard  lug.  Saddles  can,  of  course,  be  used 
with  either  14”  or  30*  stores. 

lhe  saddles  contain: 

-  pockets  fas  accepting  the  hook  nibs 

-  a  flat  upper  surface  for  application  of  the  restraint 

mechanism  (chocking  wedges,  screws,  etc.) 

-  a  counter-sunk  hole  for  the  attachment  screw 

The  attachment  screw  contains  a  recess  for  accepting  the  centering 
pm  built  into  the  ERj  and  standard  threads  for  mating  with  existing 
lug  wells. 

Pigure  2  indicates  the  principle  for  transmission  of  farces 
between  the  store  and  the  ejector. 

The  2  efforts,  that  is  the  pure  vertical  at  the  rolling  moments 
Mx  and  the  pitching  moments  My,  are  transmitted  by  the  hock  nibs  and 
the  supporting  surfaces  of  the  saddles  pressing  against  the  screw, 
chocking  wedge,  etc.,  fioeming  a  solid  supension  unit. 

The  lateral  efforts  Y  and  lopgtenfltpsi  X,  either  direct  or 
resulting  from  the  yaw  womerot  Mt  are  transmitted  fay  the  central 
guide  pin  engaging  in  the  saddle  screw  aperture. 

The  transmission  of  forces  is  marfe  rational  with  the  saddle  system. 
Notably,  the  yaw  moment  Mr  does  not  overload  the  bocks,  permitting 
higher  yaw  momenta  to  be  absorbed  than  with  the  standard  lug. 

Precision  of  the  store  bracing  is  such  greater  than  in  the  classic 
system:  the  unique  position  of  the  retaining  surfaces  of  the  hook  nibs 
and  the  supporting  surfaces  correspond  precisely  to  the  reference  axis 
of  the  store.  T he  yaw  position  is  very  pntcise  and  does  not  depend  on 
arbitrary  screw  tightening  as  in  the  classic  system.  This  is  of 
particular  significance  for  special  stores  and  for  helicopters. 

hsiucticn  of  aerodynamic  drag  occurs  because  the  saddle  presents  a 
•nailer  profile  and  is  virtually  swal  lowed  into  the  pylon. 

There  are  isifercus  possibilities  of  important  future  developments 
over  the  classic  system#  mm  examples  will  be  discussed  later,  but  an 
immediate,  positive  advantage  is  an  appsecit&le  reduction  in  aircraft 
turn-around  time  due  to  reduce)  trenua!  operations  during  loading. 


S*Mlc  Sere * 


Saddle. 


Figure  1  -  Sasttla  Suspension  AftKiretus 
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EJECTORS  AND  RELEASE  MECHANISMS  WITH  XJTOttTIC  CHOCK-:  3  WEDGES 


Figure  3  shows  a  schematic  and  typical  functioning  frequences. 

In  this  type  of  ays  tap  the  restraint  of  the  store  is  obtained  by 
the  chocking  wedges  pressing  against  the  upper  surface  of  the  saddle. 
These  vredges  are  controlled  by  the  hooks  with  the  aid  of  a  cinematic 
device  which  provides  for  a  long  travel  along  a  shallow  incline. 

Each  wedge  is  driven  longitudinally  by  the  hooks  (1)  through 
levers  (2)#  rods  (3)  and  double  action  spring  devices  l4). 

Figure  3a  shows  the  system  with  the  hooks  open  and  the  wedges 
retracted.  The  store  has  not  yet  contacted  the  ejector. 

After  the  store  has  been  hoisted  into  position,  as  in  figure  3b, 
the  hooks  have  been  manually  closed  -  the  hook  ni'ae  are  engaged  in  the 
saddle  pockets,  but  play  exists  between  the  saddle  and  the  hook  nibs 
(j) .  The  wedges  are  still  retracted  because  the  saddle  is  physically 
holding  them  in  this  position.  The  spring  action  (4}  will  force  them 
out  in  the  next  sequence. 

Figure  3c?  shows  the  final  sequence.  The  store  is  relayed  by  the 
descent  of  the  loading  device  -  the  hooka  are  now  in  contact  with  the 
saddles,  eliminating  the  play.  The  wedges  are  positioned  by  the  spring 
action  to  take  up  all  slack. 

The  store  is  now  restrained  in  Z,  Nx  and  My  by  the  chocking  wedges 
and  in  X.  Y  and  Ms  by  the  centering  pin  guide. 

An  advantage  of  the  system  is  that  it  can  accept  stores  with 
surface  irregularities  and/or  correct  for  deviation  in  screw  thread 
placement. 

TUm-around  time  is  considerably  reduced  since  latching  is 
accomplished  by  the  simple  movement  of  the  one  manual  latch  lever. 
Amoving  the  loading  device  completes  the  loading  sequence. 


EJECTORS  WITH  OBCKHK  tCffiES  AND  AUTOMATIC  LATCHD© 


in  this  svstan,  a  logical  imovment  over  the  preceding  one,  a 
device  retains  the  action  of  the  wedges  while  the  hooks  are  not  in 
the  latched  position  and  a  push-rod  acts  in  a  way  that  permits  the 
automatic  latching  by  the  suqpie  action  of  raising  the  store  i abb  the 
loaded  position. 


(b) 


Figure  4  shows  the  arrangement  and  functioning  of  this  unit.  It 
comprises  a  return  lever  (5) ,  a  nod  (6) ,  an  actuating  lever  (7)  and  a 
spring  (8)  •  In  figure  4a,  the  hooks  are  open  -  the  locking  lever  (9) 
is  held  in  position  by  its  hook  in  contact  with  the  knee  plate  (10) .  A 
solid  piece  (11)  of  the  latching  lever  retains  the  drive  mechanism  (2) 
through  the  mechanical  linkage  (5)#  (6)  and  (7).  The  small  push-rod 
(12)  is  the  actuator  which  will  cause  latching  to  occur. 

Figure  4b  shows  the  store  at  its  rraninun  height.  The  hooks  have 
been  closed  as  the  saddle  actuated  the  push-rod  and  tripped  the  knee 
plate  mechanically. 

-  As  the  knee  plate  tricoed,  it  was  locked  in  the  new  position 

by  the  lever  (9),  actuated  through  the  movement  of  (5),  (6)  and  (7). 

-  The  swing  of  the  lever  (7)  freed  the  drive  mechanism  of  th* 
chocking  wedges  (2),  but  the  wedges  cannot  move  into  the  lock  position 
until  the  store  is  relaxed. 

Figure  4c  completes  the  sequence. 

The  advantage  of  this  system  is  that  it  is  sufficient  to  raise  the 
store  until  contact  with  the  lower  portion  of  the  ejector  to  obtain, 
automatically  and  sequentially,  the  latching  and  bracing  by  the  wedges 
without  any  other  manual  action. 

The  turn-ground  time  is  further  reduced  and,  in  addition,  this 
system  makes  possible  the  loading  and  restraint  of  stores  on  a 
conformal  type  weapons  carriage. 


EJBMWS  WITH  AURHAXIC  U«CKKf;  AND  CHDCKHT, 
WHICH  ZNDOWOlftSS  AST  BBBSiHL  IKttSttKS  EEVXCE 


If  the  recess  in  the  saddle  attachment  screw  is  slightly  modified, 
it  is  possible  to  integrate  a  hoisting  system  which  performs  the 
fractions  of  upload,  latching,  locking,  chocking  and  cable  decoupling  - 
all  automatically. 

Figure  $  provides  a  schematic  of  such  a  system. 

-  A  ami-circular  slot  is  machined  into  the  attachment  screw 
recess  ISI 

-  The  ejector,  fitted  with  a  hoisting  system,  consists  of: 

—  A  winch  (6)  which  handles  two  cables  (7)  6  (8) 

—  -  Them  cables  pass  over  two  pulleys  (9t  S  (10)  and 
terminate  in  bell  ferrules  Ul)  at  the  center  of  the  centering 
pins. 
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-  -  The  hooks  h&we  been  modified  with  the  addition  of  a 

small  upper  projection  which  is  actuated  by  the  push-rod  (12) . 

The  return  levers  (13)  are  connected  to  a  linkage  (14)  and  a  rod 
(4) ,  The  spring  (15)  pushes  the  linkage  actuating  the  chocking  wedges. 
The  functioning  sequence  is  the  same  as  in  the  previous  example. 

The  cable  is  lowered  and  the  cable  ends  are  engaged  in  the  saddle 
screw  by  inserting  in  place  and  pushing.  Engagement  is  automatic.  The 
store  is  hoisted  by  the  winch  until  the  saddles  contact  the  ejector. 

During  and  simultaneous  vith  the  final  part  of  this  action : 

-  the  hooks  are  closed  by  the  push-rods 

-  the  knee  plate  is  tripped  and  locked 

-  the  cable  ends  are  still  engaged  in  the  saddle  screw  and 
the  uooer  portion  of  these  ends  contact  the  lever  (13) ,  causing  the 
wedges  to  retract.  Figure  5b  shows,  the  position  at  the  end  of  the 
sequence. 

figure  5c  represents  the  final  sequence : 

-  the  winch  is  relaxed  a  fraction  of  a  turn,  relaxing  the 
store  onto  die  hook  nihs 

-  the  spring  (15)  pulls  the  linkage  (14)  causing  the  chocking 
wedges  to  lode  thru  movement  of  (4) ,  (2)  and  (3) ,  while  the  cable 
ends  are  simultaneously  released  by  the  activating  lever  (13) . 

New  the  store  is  fully  loaded,  latched,  chocked  and  the  cables  are 
free  of  the  store. 

with  this  type  of  system,  especially  in  the  case  of  helioopter 
one  rations,  it  is  extremely  simple  for  one  man  to  handle  the  entire 
loading  operation.  The  application  for  helicopters  in  forward 
operating  areas  is  obvious. 


Wiam&UX  SEALED  CHCQCDC  WEDGE  SYSTEMS 


A  variant  of  the  chocking  wedge  system  permits  design  of  ejectors 
or  release  mechanisms  wherein  the  entire  chocking  and  restraint  device 
is  enclosed  in  a  hermetically  sealed  unit,  giving  total  protection 
against  any  climatic  environment. 

This  type  system  is  shewn  in  figure  6  and  is  applicable  to  all  the 
ejectors  already  discussed. 

The  chocking  wedge  (1)  Is  no  longer  in  direct  contact  with  the 
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saddle;  it  moves  inside  a  closed  housing  and  the  transmission  of  reaction 
forces  is  accomplished  through  a  vertical  push-rod  (2)  fitted  with  a 
ball  and  socket  foot  (3).  The  hermetic  seal  (4),  of  any  supple  material, 
zests  pert  on  the  foot  and  part  on  the  ejector. 

Arother,  indirect  advantage  ,  is  the  presence  of  the  ball-and- 
socket  foot  pad,  which  assures  better  transmission  of  forces.  The 
foot  oad  has  more  surface-to-surface  contact  with  the  saddle  than  the 
chocking  wedge,  since  the  lower  surface  of  the  wedge  mast  be  slicfritly 
convex  to  correct  for  store  irregularities. 


ejector?  with  feversible  hocks  capable 

CF  HANDLING  STOIES  WITH  EITHER 
SADDLES  OR  STANDARD  IZGS 


The  most  frequent  objection  to  the  saddle  system  comes  from  the 
logistician  -  -  "what  do  we  do  with  all  these  standard  lugs  already 
in  the  inventor*/?"  The  answer  requires  an  imaginative  attack  on  the 
problem  -  seme  means  of  providing  a  period  of  transition  from  lug  to 
saddle. 

Figure  7  is  our  solution  to  the  problun. 

The  hooks  are  reversible,  with  no  tools  required  for  the  change, 
providing  an  ejector  which  can  be  instantly  converted  from  saddle  to 
lug  or  viae- versa.  This  operation  does  not  require  the  ejector  to  be 
removed  fron  the  pylon.  Figure  7d  shows  the  hook  configuration* 

The  upper  portion  of  the  hook  terminates  in  two  notches  which 
engage  vertically  at  the  ends  of  an  axis  attached  to  the  ejector 
linkage,  an!  this  axis  remains  in  place  during  tha  hook  reversing. 

Tto  achieve  the  14"  spacing  in  both  modes,  the  axis  of  the  hocks 
has  been  placed  at  the  14"  interval,  assuring  that  spacing  remains 
the  same  in  either  configuration.  Figure  7a  indicates  that  the  chocking 
wedge  system  functions  identically  to  that  of  previous  saddle  system 
configuration*. 

The  changeover  is  accomplished  by  t 
•  reversing  the  hooks 

-  sliding  the  lateral  sway  brace  into  position 

in  the  case  illustrated  in  figure  7b  and  7c,  the  way-braoes  are 
detachable  an!  may  be  snapped  into  position  with  a  simply  push-pull  pin. 
(If  the  sway-bracing  is  pylon  mounted,  this  last  step  is  unnecessary). 
It  is  possible,  though  more  complex,  to  install  fold*up  sway-braces, 


621 


I  A) 


which  collapse  into  the  ejector  when  not  in  use 


NOTE  When  changing  to  the  standard  lug,  a  slight  longitudinal 
displacement  in  store  Center  of  Gravity  will  occur  relative  to  the 
OS  of  the  saddle  configuration. 


cctcm  sign 


This  briefing  has  shown  you  various  developments  possible  with 
ejectors  using  the  saddle  suspension  concept  -  including  a  means  of 
carrying  stores  in  both  the  saddle  and  lug  configuration, 

Bbr  the  sake  of  clarity,  numerous  mechanical  details  have  been 
omitted  -  in  particular,  the  auxiliary  mechanisms  vfcich  provide  the 
required  redundant  safety  features. 

bet  us  briefly  recap  the  advantages  of  the  saddle  system: 

-  precise  store  restraint  with  more  rational  transmission  of 
the  reaction  forces  involved. 

-  reduced  turn-around  time  in  manual  load  systems,  and  even 
greater  gains  in  turn-around  time  with  automatic  latching  systems, 

-  integral  hoisting  devices  provide  a  one-man  load/download 
capability. 

-  hermetically  sealed  mechanisms  reduce  environmental 
degradation. 

-  reversible  hooks  offer  a  means  of  transition  from  lug  to 
saddle, 

•  precise,  repeatable  store  alignment  is  possible  without 
time  consuming  adjustments. 

-  reduction  in  aerodynamic  drag  results  from  the  elimination 
of  sway-bracing. 

The  saddle  concept  lends  itself  readily  to  direct  integration  into 
the  store.  Specialized  stores  such  as  ECH  pods#  fuel  tanks,  rocket 
launchers,  gun  pods,  etc,  could  be  imprcwed  by  having  the  saddle  built 
directly  into  the  store  strong-back,  resulting  in  better  storage 
characteristics,  easier  handling  and  reduced  logistics  problems.  The 
attachment  of  a  metallic  hand  to  the  saddle,  circling  the  circumference 
of  the  store,  would  permit  a  whole  new  fandly  of  lightweight  pods  and 
launchers. 

The  saddle  opens  new  doors  to  imaginative  innovation  throughout 
the  field  of  store  suspension,  release  and  ejection  units. 
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ABSTRACT.  (U)  This  document  describes  the  concept  and 
implementation  of  the  Advanced  Fuze  Function  Control  Set  (AFFCS)  developed 
by  the  Naval  Surface  Weapons  Center,  White  Oak  Laboratory  (formerly 
Naval  Ordnance  Laboratory). 

The  basic  shortcoming  of  the  existing  fuze  function  control  sets 
(e.g.,  AN/AWW-h)  is  their  inflexibility  in  controlling  electric  fuzes  not 
depicted  explicitly  on  the  face  panel  of  the  set's  cockpit  control  unit. 

The  AFFCS  overcomes  this  limitation  by  means  of  a  modular  design  vith 
replaceable  modules  in  the  cockpit  and  power  supply  units.  All  appropriate 
fuzing  options  are  depicted  by  an  LED  display  matrix  on  the  front  panel 
of  the  cockpit  control  unit.  Installation  of  the  AFFCS  requires  no 
modifications  of  aircraft  wiring  or  mechanical  layout. 

The  AFFCS  gives  pilots  the  capability  of  selecting  all  of  the  required 
fuze  options  in  flight.  It  is  compatible  with  inventory  fuzes,  fuses 
currently  in  development,  and  provides  the  capacity  to  accommodate  new 
fuzes  without  replacing  the  control  set.  • 

An  exploratory  development  phase  was  completed  FY'TL  whereupon  the 
AFFCS  was  successfully  flight  tested  at  the  Naval  Weapons  Center  (NWC), 
China  Lake,  California.  The  AFFCS  concepts,  technology  as  well  as  the 
set  itself  can  be  readily  integrated  into  an  aircraft  stores  management 
system,  such  as  outlined  in  the  Digital  Integrated  Multiplexed  Armament 
Management  System  (DIMAMS)  program. 


Approved  for  public  release;  distribution  unlimited. 


INTRODUCTION 


Since  the  inception  of  electrical  fuzing  in  the  1950's,  a  scries  of 
Fuze  Function  Control  Sets  (FFCS)  for  aircraft  have  been  developed  to 
accommodate  the  various  electrical  fuze  types.  The  FFCS  generally  comprises 
a  high  (or  low)  voltage  power  supply,  a  cockpit  control  unit  (situated  in 
the  cockpit  and  controlled  by  the  pilot)  and  interconnecting  cables  (see 
Figure  l).  The  fundamental  limitation  of  the  existing  FFCS's  (e.g., 
AN/AWW/U)  is  their  inflexibility;  each  is  committed  to  operate  in  conjunc¬ 
tion  with  and  control  a  particular  family  of  fuzes.  Due  to  its  four  high 
voltage  signals,  the  present  AN/AWW/U  system  is  incapable  of  controlling 
low  input  voltage  solid  state  fuzes,  or  fuzes  requiring  more  than  four 
input  signals. 

The  Joint  Services  Operational  Requirements  (JSOR)  for  fuzes  require 
fuzes  to  "have  sufficient  arming  time  selections  to  allow  safe  escape  of 
delivery  aircraft  in  the  event  that  the  weapon  detonates  at  the  end  of 
selected  arming  time."  To  provide  this  capability* the  pilot  (or  computer) 
must  have  the  capability  for  selecting  the  release  condition  or  proper  arm¬ 
ing  time  for  every  release  condition.  This  requires  a  means  of  communi¬ 
cation  between  the  aircraft  and  the  weapon.  In  addition  to  the  selection 
of  release  conditions  or  arming  times,  there  is  a  need  for  the  in-flight 
selection  of  fuze  function  modes.  This  capability  is  valuable  when 
missions  are  diverted  to  secondary  targets  during  flight  or  on  patrol 
missions  where  a  variety  of  target  types  may  be  encountered.  The  Naval 
Surface  Weapons  Center,  White  Oak  Laboratory  has  conceived  and  developed 
the  Advanced  Fuze  Function  Control  Set  (AFFCS)*  which  can  give  Air  Force 
and  Navy  pilots  the  capability  for  selecting  all  the  required  fuze  options 
in-flight.  It  is  compatible  with  inventory  fuzes,  fuzes  currently  in 
development,  and  provides  the  capacity  to  accommodate  new,  low  or  high 
voltage  fuzes.  The  modular  design  of  the  AFFCS  accommodates: 

a.  High  voltage  direct-wire  systems, 

b.  Digital  direct-wire  systems,  or 

o.  Remotely  activated  systems. 

The  AFFCS  is  configured  so  that  it  can  replace  the  present  FFCS  without 
requiring  structural  or  wiring  changes  to  the  aircraft. 

PRESENT  OPERATIONAL  DIFFICULTIES 

The  attack  and  fighter  aircraft  of  the  Naval  Forces  are  currently 
equipped  with  a  variety  of  FFCS  types.  The  AN/AVW-1  and  AN/AWW-2  FFCS, 


*A.  E,  Pertman,  et  al,  "Design  and  Fabrication  of  the  Advanced  Fuze  Function 
Control  Set  (AFFCS)*"  HOLTR  T4-8U,  30  April  1974. 
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FIGURE  I  LOCATION  OP  AFFC  SET  INSIDE  AN  AIRCRAFT 


due  to  their  limitations,  are  now  obsolescent.  Some  models  have  limited 
fuze  charging  capacity  and  all  do  not  display  the  fuze  options  available 
to  the  pilot. 

The  latest  FFC5  is  the  kH/AWU~k  (Figure  2).  This  set  is  being  installed 
in  all  new  Naval  aircraft  and  is  planned  for  retrofit  into  inventory  aircraft 
as  funding  permits.  This  set  is  cono.-i.etely  acceptable  to  the  current  D.C. 
electric  fuzes,  Mk  3M  and  Mk  376.  it  is  also  compatible  with  the  FMU-112/B 
fuze.  However,  the  display  panel  is  cot  acceptable  for  the  FMU-112/E  or 
FMU-117 /B  fuzes  as  the  available  fuze  options  are  not  properly  depicted. 

The  Air  Force's  aircraft  are  currently  not  equipped  with  FFCS  and 
must  utilize  the  solenoid-lanyard  system  to  obtain  in-flight  options. 

Using  this  system,  the  number  of  options  is  severely  limited  and  the  fuze 
options  obtained  by  activation  of  the  solenoid(s)  are  not  displayed. 

AFFCS  CAPABILITY 


The  next  generation  of  fuzes,  probably  for  the  modular  weapons,  should 
provide  a  choice  of  three  arming  times  and  four  functioning  modes.  To 
acconmodate  these  fuzes, the  AFFCS  provides  12  unique  electrical  signals. 
These  signals  and  the  options  they  can  provide  are  shown  in  Table  I.  The 
polarity  of  the  signal  determines  fuze  arming  time  and  the  voltage  level 
determines  fuze  functioning  mode.  Such  a  system,  high  voltage  direct-link, 
is  compatible  with  inventory  fuzes  and  fuzes  currently  in  development. 

In  addition  to  providing  this  capability,  the  AFFCS  is  designed  to  provide 
coded  digital  signals  that  can  be  used  in  digital  direct-link  systems  or 
to  program  a  signal  transmitter  in  a  remotely  activated  system. 

The  AFFCS  is  also  capable  of  being  integrated  into  a  total  stores 
management  system  that  utilizes  digital  technology.  Such  systems  are 
currently  in  the  exploratory  development  programs  of  the  Air  Force  and 
Havy. 


The  benefits  of  the  AFFCS  are  summarized  below: 

a.  A  common  FFCS  for  Air  Force  and  Havy  aircraft  can  provide  a  basis 
for  standardization  of  fuzes 

b.  Full  operating  flexibility  increased  by  in-flight  selection  of 
available  fuze  options 

c.  Safety  to  delivery  aircraft  increased  by  providing  a  visible  means 
of  selecting  and  displaying  proper  arming  times  in-flight 

d.  Effectiveness  increased  by  providing  capability  of  selecting  four 
fuze  functioning  modes  in-flight 

e.  Modular  design  compatible  or  capable  of  being  integrated  with  current 
and  proposed  fuze  control  and  stores  management  systems 

f.  Compatible  with  supersonic  carriage  and  release  of  weapons. 
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E  2  AN/AWW-4  CONTROL  SET 


TABLE  I  AFFC3  HIGH  VOLTAGE  SIGNALS  AND 
THEIR  POSSIBLE  USAGE 


RELEASE  MODE 

FUZE  FUIJCTIOr 

i  DELAYS 

DC  OUTPUT 

POLARITY 

(ARMING  TIME) 

300V 

250V 

200V 

l^OV  ^  VOLTAGE 

+ 

LEVEL 
(10  sec) 

VT 

INST 

D1 

D2 

DIVE 

VT 

INST 

D1 

D2 

(5.5  sec) 

♦» 

HIGH  DRAG 

VT 

INST 

D1 

D2 

(RETRD) 

(2.6  sec) 

* Commutated  signal,  1000  Hz 
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TECHNICAL  APPROACH 

l 

The  purpose  of  the  Advanced  Fuze  Function  Control  Set  (AFFCS)  is  to 
provide  a  system  with  programmable  functions  for  updating  capabilities 
when  new  weapon  systems  are  introduced  without  having  to  replace  the  set 
itself.  As  depicted  in  Figures  3,  4  and  5  the  AFFCS  consists  of  the  cockpit 
control  unit  and  a  modular  power  supply  unit  (also  referred  to  as  the 
mainframe)  whose  outputs  are  programmed  responses  to  the  cockpit  control 
settings  for  a  variety  of  air  launched  weapon  systems,  both  present  and 
planned.  Also,  the  cockpit  control  unit  displays  are  programmed  by  a 
replaceable  module  which  can  be  updated  as  new  weapon  systems  are  added 
to  the  inventory. 

COCKPIT  CONTROL  UNIT  (CCU) 

While  most  avionic  control  units  consist  of  labeled  switches  to  control 
various  functions,  this  system's  CCU  has  five  push-button  windows 
(Figures  1*  and  5),  each  displaying  up  to  five  alphanumeric  characters 
generated  by  light  emitting  diode  (LED)  arrays.  When  a  window  is  depressed, 
the  display  changes  accordingly.  At  any  given  time  the  CCU  display  depicts 
specific  fuzes  and  congruent  arming  and  functional  options,  thus  automat¬ 
ically  cueing  the  pilot  through  a  typical  programming  sequence.  The  display 
functions  and  commensurate  push-button  controls  are  governed  by  a 
replaceable  code  plug  module  within  the  CCU  housing. 

The  incorporation  of  the  LED  alphanumeric  display  is  the  reason  for 
the  versatility  of  the  display.  Each  LED  matrix  (consisting  of  seven  rc ys 
and  five  columns)  has  6k  possible  character  displays  resulting  in  an 
adaptive  front  panel.  The  quantity  of  information  needed  to  be  displayed 
on  the  front  panel  by  the  LED’s  dictates  the  amount  of  supplemental  circuitry 
required.  With  the  advent  of  hybrid  MSI  and  LSI  technologies,  however, 
all  supplemental  circuitry  can  easily  be  packaged  within  the  space  allocated 
for  the  present  AN/AWWA  housing. 

All  circuitry  in  the  cockpit  control  unit, with  the  exception  of  the 
code  plug  module  and  LED's  consists  of  digital  complementary  symmetry 
metal-oxide  semiconductor  (COS-MOS)  chips  and  a  limited  number  of  discrete 
components.  Utilization  of  COS-MOS  technology  provides  considerable  noise 
immunity  in  an  electrically  noisy  avionic  environment. 

The  main  function  of  the  display  circuitry  is  to  take  a  series  of  commands 
from  the  master  control  section  so  as  to  display  the  appropriate  characters 
in  the  5  x  T  LED  array.  A  2560-bit  Read-Only-Memory  (ROM)  is  utilized  as 
a  character  generator.  This  ROM  has  a  three-bit  row  select  input,  a  six-bit 
ASC  II  code  input  (standard  code  for  alphanumeric  character  generation) 
ar/I  five  outputs.  The  output  code  will  determine  which  diodes  in  the  LED 
matrix  will  be  energized. 

To  form  an  alphanumeric  character  with  an  addressable  diode  array, 
a  scanning  technique  is  utilized.  By  this  method  information  is  addressed 
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FIGURE  3  AFFCS -BLOCK  DIAGRAM 


FIGURE  4  AFFCS- HARDWARE  CONCEPT 


PRESENT  SYSTEM  COMPONENTS 


to  one  row  of  diodes  at  a  time,  energizing  the  appropriate  diodes  in  the 
row  and  then  proceeding  to  the  next  rov.  After  all  the  rows  have  been 
selected,  the  process  is  repeated.  A  flicker-free  character  is  obtained 
by  scanning  all  the  rows  of  the  LED  matrix  at  a  rate  of  100  times  a  second. 
Depending  upon  the  vibration  levels  the  cockpit  panel  is  subjected  to, 
faster  scan  rates  may  be  necessary  to  eliminate  possible  stroboscopic 
effects. 

The  program  module  (also  referred  to  as  the  code  plug)  is  basically 
a  programmable  ROM.  It  consists  of  six  102b  pROMs  which  are  interconnected 
with  the  master  control  section  via  COS-MOS  logic.  It  is  the  presence  of 
this  replaceable  and  reprogrammable  module  which  allows  for  updating  the 
display  and  control  capabilities  of  the  Advanced  FFCS  to  suit  present  and 
future  air  launched  weapon  systems  without  replacing  the  function  control 
set  itself. 

MAINFRAME  UNIT 


The  various  compartments  of  the  mainframe  unit  (Figure  b )  illustrate 
the  modular  design  of  the  power  supply.  The  typical  compartments  (high 
voltage,  low  voltage,  RASS,  etc.)  are  communicated  with  and  controlled  by 
the  master  control  (Figure  3)  via  the  appropriate  function  generator 
module.  The  power  supply  circuit  itself  consists  of  a  programmable  digital 
to  analog  converter  (to  control  the  output  voltage)  followed  by  an 
appropriate  power  amplifier  (to  supply  the  necessary  current).  This 
technique  for  generation  of  power  supply  voltages  allows  for  commonality 
of  circuits  between  the  various  compartments  resulting  in  hardware  reduction 
and  package  size  that  is  comparable  to  the  present  AN/AWW/b  power  supply 
housing.  The  output  selection  circuitry  determines  whether  as  a  consequence 
of  a  pilot-generated  command  (via  master  control  and  the  function  generator 
module),  an  analog  voltage  (high  or  low)  is  generated  (to  be  sent  to  the 
bomb  racks)  or  a  digital  cpde  is  presented  to  other  avionics  (such  as  to 
the  X-ray  generator  in  the  Remotely  Activated  Stores  System). 

Provisions  are  made  for  system  self-checking  whereby  the  signal 
generated  by  the  power  supply  unit  is  compared  with  the  original  command 
(programmed  by  the  pilot)  and  a  verification  signal  is  presented  to  the 
pilot  in  form  of  a  "READY”  message  on  the  front  panel  of  the  cockpit 
control  box.  In  case  of  lack  of  verification,  or  if  the  cockpit  control 
unit  is  not  set  to  ARM,  the  READY  message  is  not  displayed. 

Each  of  the  compartments  in  the  power  supply  unit  is  replaceable 
allowing  for  mechanical  and  electrical  compatibility  with  any  present  or 
future  air  launched  weapon  systems, 

OPERATION 

Table  IX  depicts  a  typical  "menu"  of  fuse  types,  their  respective 
delivery  mode  and  function  delay  options.  The  control  and  display  of  the 
entire  fuse  "nenu"  presented  in  Table  II  are  within  the  capacity  of  a 
single  program  module  (code  plug)  in  the  cockpit  control  box.  The  AFFCS 
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TABLE  II  "MENU"  OF  FUZE  OPTIONS  PROGRAMMABLE  VIA 
TYPICAL  AFFCS  CODE  PLUG 


MODE 

(ARMING  DELAY) 


DELAY 

(FUNCTION  DELAY) 


MK  3U 

DIVE 

VT/43 

INST 

S-DLY 

L-DLY 

MK  376 

LV/RT 

VT/43 

INST 

S-DLY 

L-DLY 

M990E 

PRSET 

PRSET 

MK  328 

DIVE 

INST 

S-DLY 

FMU91+ 

DIVE 

INST 

S-DLY 

MK  312 

DIVE 

VT 

INST 

S-DLY 

L-DLY 

AMW-H 

LEVEL 

VT 

INST 

S-DLY 

L-DLY 

AMW-H 

DIVE 

VT 

INST 

S-DLY 

L-DLY 

RETRD 

VT 

INST 

S-DLY 

L-DLY 

RASS 

LEVEL 

VT 

INST 

S-DLY 

L-DLY 
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TABLE  LI  "MENU"  OF  FUZE  OPTIONS  PROGRAMMABLE  VIA 
TYPICAL  AFFCS  CODE  PLUG  (Cont'd) 

MODE  DELAY 

FUZE  (ARMING  DELAY)  (FUNCTION  DELAY) 

RASS  DIVE  VT 

INST 

S-DLY 

L-DLY 

RETRD  VT 

INST 

S-DLY 

L-DLY 


programming  cycle  is  executed  by  the  pilot  and  consists  of  a  successive 
sequence  of  LED  displays  of  available  fuze,  mode  and  delay  options,  as 
indicated  in  Figures  6  through  9. 

The  ON/OFF  and  TEST/SAFE/ABM  function  switches  operate  as  follows: 

a.  ON/OFF  must  be  ON  for  the  system  to  be  operational.  When  OFF, 
all  controls  and  displays  are  turned  off. 

b.  All  programming  functions  (and  respective  displays)  can  be 
accomplished  when  the  function  switch  is  either  in  SAFE  or  ARM  position. 

This  switch  must  be  in  the  ARM  position,  however,  to  enable  the  fuze 
activation  signal  at  the  end  of  a  programming  sequence.  The  spring-loaded 
TEST  position  allows  a  system  ground  test  upon  activation  of  master  armament 
power  and  activation  of  the  armament  safety  disable  switch.  Upon  turning 
the  switch  to  the  ON  position,  the  fuze  selection  is  first  displayed 
(Figure  6a).  The  field  indicator  shows  that  FUZE  options  are  being  displayed 
while  the  ADD  light  implies  that  additional  fuze  options  can  be  displayed 

by  depressing  the  ADD  push  button  (Figures  6a  and  b).  To  select  a  given 
fuze,  the  pilot  depresses  the  window  displaying  the  desired  selection. 

(Note  that  the  plastic  overlay  for  each  LED  display  serves  as  a  light 
filter  as  well  as  a  push  button.)  Upon  selecting  the  AMW-R  (Advanced 
Modular  Weapon-RASS)  fuze  (Figure  6d),  the  delivery  options  (i.e.,  arming 
delays)  which  correspond  to  that  particular  fuze  are  next  displayed  as 
shown  in  Figure  7e,  Accordingly,  the  field  indicator  changes  from  FUZE 
to  MODE.  The  absence  of  ADD  light  in  Figure  Je  indicate0  that  only  the 
three  delivery  options  displayed  are  possible  with  the  AMW-R  fuze. 

Upon  selecting  the  delivery  mode  DIVE  ( Figure  7f ),  the  function  DELAY 
options  commensurate  with  the  selected  fuze  and  mode  are  next  displayed 
(Figure  7g).  As  shown  in  Figure  7h,  the  pilot  selects  the  Long-Delay 
(by  depressing  the  L-DLY  push  button),  whereupon  the  summary  of  all  options 
selected  is  displayed  on  the  front  panel  by  the  LED  matrix,  as  illustrated 
in  Figure  7i.  This  is  the  last  step  in  the  AFFCS  programming  sequence. 

An  appropriate  digital  message  is  sent  at  this  point  by  the  master  control 
section  to  the  power  supply  unit  in  response  to  which  a  congruent  voltage 
signal  is  generated  by  the  power  supply  (but  not  sent  to  the  bomb  racks). 

In  order  to  energize  the  fuze,  the  function  switch  must  first  be 
switched  into  the  ARM  position  (as  shown  in  Figure  7j )  and  the  bomb  release 
signal  sent  to  the  pov»r  supply  circuit.  With  the  switch  in  ARM  position, 
the  self-checking  network  (correlation  check,  shown  in  Figure  3)  generates 
the  control  signal  which  displays  the  READY  message,  as  indicated  in 
Figure  7J .  Note  that  the  absence  of  the  READY  message  when  the  function 
switch  is  in  the  ARM  position  indicates  an  unsatisfactory  correlation 
check  which  results  in  automatic  disabling  of  the  fuse  activation  signal. 

In  case  of  such  a  malfunction,  the  RESET  button  can  be  depressed,  returning 
the  display  and  all  controls  to  the  initial  conditions  (shown  in  Figure  6a), 
whereupon  a  new  programming  sequence  can  commence. 


FIGURE  6  AFFCS  PROGRAMMING  SEQUENCE 
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FIGURE  7  AFFCS  PROGRAMMING  SEQUENCE  (CONT) 
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FIGURE  8  PROGRAM  CHANGE  CYCLE 
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With  the  programing  sequence  properly  completed  (as  shown  in 
Figure  7J)  the  pilot  can  do  one  of  two  things: 

a.  Release  the  weapon  at  the  appropriate  time  by  depressing  the  bomb 
release  button  without  changing  the  AFFC  settings*  or 

b.  Effect  a  change  in  the  AFFC5  program  by  simply  depressing  that 
selection  in  the  choice  summary  which  he  wishes  to  change,  as  shown  in 
Figure  8a.  Accordingly,  the  appropriate  field  will  be  displayed  anew  and 
the  pilot  selects  the  net  'ODE  and  DELAY  options  in  the  manner  described 
above  and  depicted  in  Figures  8  and  9.  Any  one  of  the  three  fields 
(FUZE,  MODE,  DELAY)  can  be  changed  independently  of  the  preceding  fields 
in  a  similar  manner.  Changes  can  be  implemented  with  the  functi^>  switch 
left  in  ARM  position  without  any  safety  hazards. 
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PRESENT  STATUS 


AFFCS 

An  exploratory  development  phase  during  FY  197^  led  to  fabrication 
of  a  developmental  model  of  AFFCS  which  was  flight  tested  China  Lake 
during  October  Z2  -  November  9,  1973.  The  AFFCS  was  tested  in  conjunction 
with  the  RASS  system  and  a  model  for  the  Advanced  Modular  Weapon  bomb. 

Eight  weapon  drops  and  a  total  of  approximately  five  hours  of  flight  time 
resulted  in  a  highly  successful  test  with  the  AFFCS  functioning  properly, 
as  per  design,  throughout  the  evaluation.  A  production  version  of  the 
design  is  currently  in  an  advanced  engineering  development  phase. 

A  Joint  Development  Plan  (JDP)  for  incorporation  of  the  AFFCS  into 
Air  Force  and  Navy  aircraft  has  been  submitted  in  response  to  the  JSOR 
for  fuzes  for  Non-Propelled  Cor. ventional  Weapons.  In  addition,  the  JDP 
is  a  response  to  the  draft  JSOP.  for  Modular  Weapons  and  the  TSOR  for 
Advanced  General  Purpose  Bomb. 

ADAPSAF 

As  a  direct  consequence  of  the  AFFCS  effort,  a  proposal  has  been 
submitted  in  response  to  the  need  generated  by  the  Service  Life  Extension 
Program  (SLEP)  for  the  Navy's  aircraft,  for  an  improved  fuze  function 
control  and  stores  display  set  which  will  be  compatible  vith  existing  and 
new  fuzes  during  the  life  of  the  F~L  aircraft. 

The  proposal  outlines  the  plan  for  obtaining  an  Adaptive  Display  and 
Programmer  for  Stores  and  Fuzes  (ADAPSAF)  concluding  in  a  technical 
evaluation  of  15  units.  The  ADAPSAF  system  wills 

a.  Display  stores 

b.  Display  fuze  options 

c«  Continually  verify  correct  system  operation 

d.  Eliminate  manual  solenoid  controls 

e.  Provide  semi-automatic  fuze  programming 

f»  Have  the  capability  tc  centre?  existing  and  future  air  launched 
weapons  without  having  ti>  replace  the  control  system  itself.  With  two 
exceptions  (absence  of  stores  display  capability  and  lack  of  solenoid 
controls),  the  AFFCS -reflects  the  concepts  and  technology  to  be  incorporated 
in  the  ADAPSAF  system  and  can  serve  as  a  baseline  model  for  the  latter. 

the  proposed  ajjaPSA?  system  will  display  information  os  stores,  csmtrol 
and  display  mechanical,  electric  and  future  fuzes  in  tail  and  nose  well 
posit ions,  control  and  display  special  fins  and  other  related  information. 
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It  will  also  display  information  only  on  allowable  delivery  modes  and  fvze 
functioning  delays  for  the  /store/tail  fuze/nose  fuze/fins/other  combinations. 
The  pilot  will  automatically  choose  the  proper  fuze  arming  delay  by  choosing 
the  allowable  delivery  mode. 

The  Adaptive  Display  and  Programmer  for  Stores  and  Fuzes  is  shown 
diagramatieally  in  Figure  10  with  the  hardware  concept  depicted  in 
Figure  11.  Operationally,  it  is  quite  similar  to  the  AFFCS.  The  three 
principal  components  of  the  system  are: 

a.  Cockpit  Controls,  comprised  of  the  Cockpit  Control  Unit  (CCU) 
and  controls  derived  from  the  Weapon  Control  Panel.  The  CCU  will  display 
details  of  the  carried  stores  and  fuzes  as  well  as  allow  for  simplified 
control  of  retarding  fins,  and  fuze  arming  and  function  delays.  The  CCU 
will  be  similar  in  size  and  panel  organization  to  the  control  unit  of  the 
AFFCS. 


b.  The  Mainframe  Unit  (MFU)  situated  in  the  avionics  bay  will  contain 
all  power  supplies  and  power  control  circuits  (function  modules).  The 

MFU  outputs  are  programmed  responses  to  commands  received  (via  an 
interconnecting  cable)  from  the  CCU.  The  M^U  will  deliver  the  proper 
solenoid  voltages  when  master  ABM  is  selected  and  when  the  weapon  release 
button  is  depressed.  Likewise,  the  MFU  will  deliver  the  fuze  arming 
voltages  to  the  weapon  racks.  The  various  compartments  of  the  MFU  (shown 
in  Figure  11 )  illustrate  the  modular  design  of  the  power  supply  section. 
Each  compartment  (module),  in  turn,  is  replaceable  allowing  for  mechanical 
and  electrical  compatibility  with  any  present  or  future  air  launched  fuzed 
weapon  system. 

c.  The  Stores  Information  Unit  (SIU), whose  function  is  to  allow  the 
ordnanceman  to  feed  store3  information  to  the  aircraft  by  setting  a  series 
of  code  switches  on  the  SIU  panel.  The  SIU  panel,  small  in  size  and  of 
inconsequential  weight  can  readily  be  situated  in  one  of  several  locations 
within  the  aircraft:  the  pilot's  cockpit,  the  radar  officer's  cockpit,, 
the  avionics  bay  or  even  become  an  integral  part  of  the  mainframe  package. 
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FIOURE  10  ADAPSAF-8L0CK  DIAGRAM 
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FIGURE  H  ADAPSAF  -  HARDWARE  CONCEPT 
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ABSTRACT.  (U)  Aircraft/Stores  conpatibility  is  greatly  effected  by 
the  electrical  interface  requirements  of  stores.  Atypical  aircraft 
weapon  station  is  often  required  to  accommodate  several  types  of 
electrically  interfaced  stores.  Although  these  stores  may  be  signif¬ 
icantly  different  with/respect  to  their  tactical  usage,  a  high  degree 
of  similarity  can  exist  in  their  electrical  interface  requirements. 

To  date,  a  time  consuming  manual  conparative  analysis  had  to  be  per¬ 
formed  using  hard  copy  aircraft  stores  management  system  design  data 
and  store  electrical  interface  data  to  determine  if  the  aircraft  and 
store  are  electrically  compatible.  Because  of  the  unwieldy  nature 
and  magnitude  of  the  manual  analysis,  many  tiroes  wiring  for  new  stores 
has  been  added  to  the  aircraft  without  trying  to  use  available  existing 
wiring.  The  Air  Force  Armament  laboratory  has  recently  developed  a 
computerized  method  for  performing  the  required  comparative  analysis. 

This  method  uses  an  aircraft  data  base  consisting  of  the  aircraft  storos 
management  system  electrical  characteristics  coded  in  such  a  manner 
that  it  can  be  used  by  the  computer  program.  This  data  is  compared 
against  the  store  data  file  previously  documented  under  the  Stores 
Interface  Definition  and  Analysis  Program,  This  new  conputer  program 
is  designed  to  disclose  any  electrical  incompatibilities  that  may  exist 
between  the  aircraft  and  store  selected  for  comparison.  The  conputer 
printouts  provide  detail  pin  to  pin  and  general  interface  compatibility 
information.  Diagnostic  message  printouts  are  also  provided  to  define 
each  specific  incospatibility  condition  chat  is  detected.  This  new 
analysis  system  may  be  used  to  evaluate  or  verify  the  adequacy  of  an 
aircraft  to  control  its  existing  store  coplcroent.  The  new  computer 
analysis  system  described  in  this  paper  will  greatly  ijeduce  the  time 
and  cost  associated  with  analysing  aircratt  and  stores  from  an  electrical 
compatibility  standpoint. 

Approved  for  public  release;  distribution  unlimited. 


LIST  OF  FIGURES 


FIGURE  TITLE 

1  AFATl  Aircraft  Interface  Data  File  and  Computer  Programs 

2  Compatible  Aircraft/Test  Case  Stores  Interface  Connections 
Computer  Program 

3  Sample  Output  for  Compatible  Aircraft/Test  Case  Store 
Electrical  Interface  Connections  Program 

4  Aircraft/Test  Case  Store  Interface  Compatibility 
Computer  Program 

5  Sample  Output  for  the  User  Input  Report 

6  Sanple  Output  for  the  Detail  Interface  Circuit 
Connection  Compatibility  Report 

7  Sample  Output  for  the  Incompatible  Interface 
Circuit  Diagnostic  Report 

8  Sample  Output  for  the  Interface  Circuit  Conpatibility 
Summary  Report 

9  Aircraft/Test  Case  Store  Conplementary  Station  Inter¬ 
face  Circuit  Analysis  Oonputer  Program 

10  Sample  Output  of  the  User  Input  Report 

11  Sample  Output  for  the  Complementary  Station  Interface 
Circuit  Analysis  Program 

12  Aircraft  Station  Data  Retrieval  Computer  Program 

13  Simple  Output  for  Aircraft  Station  Data  Retrieval 
'Program  ':v-; 

14  Sample  Output  for  Revised  Equipment  Data  Retrieval 

Program  v  •  -'V  l 


LIST  OF  TABLES 


Table 

I 

II 

III 


Title 

Aircraft  Data  Documentation  Formats  and  Functions 

Modified  AFATL  Store  Data  Documentation  Formats 
and  Functions 

Circuit  Characteristics  Comparison  Modes 


INTRODUCTION 


The  improvements  provided  by  this  Phase  2  effort  to  Hi -Shear 
Corporation,  Contract  K)8635-73-C-0O94,  significantly  increased  the 
analytical  capability  of  the  Stores  Interface  Data  Handling  Analysis 
System.  It  is  now  possible  to  perforin  complex  aircraft/store  electrical 
compatibility  analyses  without  referring  to  numerous  aircraft  technical 
order  manuals,  wiring  diagrams,  and  other  related  documents.  The 
improved  system  will  now  facilitate  the  storage  and  processing  of  all 
relevant  aircraft  and  store  technical  data.  The  Phase  2  effort  also 
expanded  the  existing  AFATL  Store  Data  File  Data  Base  to  include  addi¬ 
tional  characteristics  that  more  precisely  define  the  electrical  conpo- 
sition  and  sequence  of  store  interface  signals.  Thes>~  new  improvements, 
coupled  with  the  existing  Phase  1  stores  interface  data  processing 
capability  offer  the  user  a  valuable  analytical  tool  that  will  aid  in 
the  following  areas. 

(1)  Aircraft/Stcre  Standard  Interface  Connector  Development. 
lh'.  existing  Phase  1  Store  Data  Files  and  computer  programs  enables  the 
system  user  to  determine  standard  aircraft/store  electrical  interface 
connectors  and  their  pin  function  assignments  for  any  combination  of 
stores  required  to  use  tlie  interface  connection. 

(2)  Aircraft/Store  Electrical  Compatibility.  The  new  Phase  2 
aircraft  data  files  and  computer  programs  enables  the  system  user  to 
detect  incompatibilities  and/or  verify  the  overall  electrical  conpatibility 
between  any  existing  or  future  aircraft  (that  are  added  to  the  data  file) 
and  any  store  documented  in  tlie  AFATL  Store  Data  File. 

(3)  New  Store  Development.  The  Phase  1  and  2  data  files  and 
computer  programs  will  provide  detail  aircraft  and  store  electrical  data 
in  a  format  that  can  be  readily  used  (either  manually  or  by  conputer 
means)  by  weapon  system  designers  to  develop  new  stores  that  have  an 
electrical  interface  that  will  be  common  to  a  maximum  of  different  type 
aircraft. 

(4)  Stores  Management  System  Development,  The  existing  IHiase 
1  eonptuter  programs,  coupled  with  tlve  expanded  store  data  base,  will 
enable  the  system  user  (with  minor  Phase  1  computer  program  modifications) 
to  accurately  determine  the  types  and  minimum  quantities  of  interface 
circuits  required  for  the  universal  (multi-store)  management  of  stores 
from  individual  aircraft  weapon  stations. 

(5)  Technical  Data  Ifydate  and  Maintenance.  The  nature  of  the 
computerized  aircraft  and  store  data  files  permits  the  efficient  update 
of  data.  File  updating  (file  card  replacement)  can  he  accomplished  with 
very  little  effort,  thus  enabling  the  system  to  be  maintained  in  a 
current  status  with  a  minimum  expenditure  of  time  and  expense. 
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(6)  Technical  Data  Dissemination.  The  new  aircraft  and  modified 
store  data  files,  with  their  respective  data  retrieval  computer  programs 
provides  a  rapid  and  low  cost  method  to  disseminate  interface  data  in 
the  fora  of  computer  printouts. 


DATA  PROCESSING  SYSTEM  DESCRIPTION 


SYSTEM  ARRANGEMENT:  The  new  Aircraft  Data  Documentation  formats  and 
Computer  Programs  System  Arrangement  is  shown  in  Figure  1 .  This 
arrangement  was  chosen  because  it  provides  a  maximum  of  versatility 
for  documenting  and  retrieving  aircraft  data  for  a  variety  of  existing 
and  future  aircraft, 

AIRCRAFT  I  INTERFACE  DATA  DOCUNtiOT  AT  I  ON :  Aircraft  interface  data  is  docu- 
msntetf  separately  'foreach  aircraft  station.  This  approach  compensates 
for  any  differences  in  aircraft  stores  management  system  equipment  that 
may  exist  between  the  various  aircraft  stations. 

Altliough  one  aircraft  station  may  be  equivalent  to  another  with 
respect  to  store  loading  capability,  both  stations  may  not  always  be 
the  same  with  regard  to  tlie  type  of  interface  circuit  components  used, 
or  circuit  switching  logic  employed.  The  aircraft  station  data  docu¬ 
mentation  formats  shown  in  Figure  I  are  shown  divided  in  two  basic  card 
sets.  One  card  set  is  used  to  document  the  general  Coverall)  station 
connector  and  wiring  configuration  for  the  respective  station.  The  other 
card  set  is  used  to  document  detail  aircraft  electrical  interface  circuit 
provisions  for  each  specific  store  and/or  suspension  device  that  is 
normally  operated  from  the  station.  Consequently,  thes  card  set  will  be 
comprised  of  a  multiple  of  individual  card  sub-sets. 

DOCU^NTATION  FORMATS:  A  set  of  data  documentation  formats  were  (level  - 
oped  and  are  provided  to  document  electrical  interface  data  for  both 
existing  and  future  aircraft.  These  formats  are  essentially  computer 
punch  card  transcripts,  and  arc  used  to  document  all  the  aircraft 
electrical  characteristics  required  to  facilitate  a  computerised  aircraft/ 
store  interface  compatibility  analysis  of  both  hardwired  and  multiplexed 
aircraft  stores  management  systems.  The  basic  function  of  each  aircraft 
data  documentation  format  is  described  in  Table  I. 

FILE  STIUJGTU8E:  It  is  expected  that  a  of  data  documentation  formats 
vHTT^c“preparcd  for  each  different  aircraft.  These  data  will  then  be 
keypunched  on  to  computer  punch  cards.  Once  in  card  form,  the  individual 
aircraft  card  deck  data  my  be  used  and  stored  in  this  form,  or  trans¬ 
ferred  to  tape  or  any  other  suitable  digital  data  storage  and  handling 
means, 

REVISED  STOKE  DATA  HIE  DtSOUFTION:  The  existing  AFATL  storc  data  file 
stlfocturc  Tad  to  t^  to  foci  1  itate  operation  of  the  new  aircraft/ 

store  interface  compatibility  computer  programs.  Essentially*  the  original 
store  data  file  was  expanded  to  include  additional  electrical  interface 
characteristic  data.  These  data  were  required  to  permit  a  complete  and 
accuragc  means  to  test  aircraft/store  compaubiUt,.  The  codified  data 
file  structure,  including  a  brief  description  of  the  supplemental  and 
new  store  data  documentation  formats,  is  described  in  Table  II. 


TABLE  I.  AIRCRAFT  DATA  DOCUMENTATION  FORMATS  AMD  FUNCTIONS 


Documentation 

Format 


Function 


1.  Aircraft  Interface  Configuration 
Code  Conversion  Matrix 


Used  to  define  and  record 
applicability  of  stores  to 
aircraft  station  Interface 
connections. 


2.  Station  Interface  Connector 
Characteristics  Data 


Used  to  record  connector  type, 
function  and  pin  utilization 
details  for  all  connectors 
associated  with  the  respective 
aircraft  station. 


3.  Station  Interface  Circuit 
Wiring  Characteristics  Data 


h.  Aircraft  Circuit  Signal  Form 
Characteristics  Data 


5.  Aircraft  Circuit  Signal  Logic 
Characteristics  Data 


6.  Aircraft  Circuit  Signal 
Switching  Forc/Tise 
Characteristics  Data 


Used  to  record  the  general 
wiring  configuration  of  all 
aircraft  station/ store  inter¬ 
face  wiring  provisions. 

Used  to  define  and  record 
the  electrical  composition 
of  all  aircraft  circuits 
associated  with  the  manage¬ 
ment  of  a  specific  store  type. 

Used  to  define  and  record 
the  basic  operational  usage 
and  switching  logic  of  all 
aircraft  circuits  associated 
with  the  management  of  a 
specific  store  type. 

Used  to  define  and  record  the 
switching  method  and  timing 
sequence  of  each  applicable 
aircraft  circuit  associated 
with  the  management  of  a 
specific  store  type. 


?.  Aircraft  Circuit  Signal 
Sequence  Characteristics 
■  Data  ' 


Used  to  define  and  record  the 
signal  sequence  order  and 
on/off  relationship  of  all 
aircraft  circuits  associated 
with  the  sansgeaent  of  a 
specific  store  type. 


TABLE  II.  MODIFIED  AFATL  STORE  DATA  DOCUMENTATION  FORMAT  AND  FUNCTIONS 


Documentation 

Format 

1.  Equipment  Introductory/ 

Connector  (Existing  Format) 


2.  Supplemental  Introductory/ 
Connector  (New  Format) 


3*  Equipment  Signal  Form 
(Existing  Format) 


4.  Supplemental  Equipment 
Signal  Form  (New  Format) 


5,  Equipment  Signal  Logic 
(Existing  Format) 


6.  Supplemental  Equipment 

Signal  Logic  (New  Format) 


7.  Equipment  Switching  Tczaf 
Time  (New  Format) 


6.  Equipment  Signal  Sequence 
(Sew  Format) 


Function 

Unchanged,  used  to  record 
store  interface  connector 
details  for  individual  stores. 

Used  to  document  additional 
data  for  aircraft/store 
connector  matching  purposes. 

Unchanged,  used  to  define 
and  record  the  electrical 
c exposition  of  interface 
circuits  peculiar  to  an 
individual  store. 

Used  to  document  additional 
signal  form  characteristics 
that  further  define  the 
c  exposition  and  tolerance 
values  of  interface  circuits 
peculiar  to  an  individual  store. 

Unchanged,  used  to  define 
and  record  store  input 
switching  logic  requirements 
of  interface  circuits  peculiar 
to  an  individual  store. 

Used  do  document  additional 
signal  logic,  and  define  the 
circuit  operation  function  (use) 
of  interface  circuits  peculiar 
to  on  individual  store. 

Used  to  define  and  record  the 
switching  method  and  timing 
sequence  required  by  each 
interface  circuit  peculiar  to 
an  individual  store* 

Used  to  define  and  record  the 
signal  sequence  and  on/off 
relationship  requirement*  of 
all  interface  circuits 
associated  with,  and  peculiar 
to,  an  individual  store. 
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FILE  STRUCTURE:  The  modified  store  data  file  structure  was  designed  to 
'facilitate  operation  of  both  the  new  aircraft/store  interface  compatibility 
programs  and  those  store  electrical  analysis  computer  programs  described 
in  AFATL-TR-73-214,  Phase  I.  The  Phase  I  Store  Electrical  .Analysis 
Computer  Programs  were  modified  only  to  the  extent  required  to  permit 
reading  of  the  modified  store  data  file.  New  store  characteristics 
data  is  not  used  or  processed  by  these  existing  programs. 

ELECTRICAL  INTERFACE  ANALYSIS  OOMHJTER  PROGRAM:  Three  computer  programs 
are  provided  for  aircraft/store  electrical  interface  compatibility 
analysis  purposes.  These  new  conputer  programs  will  test  the  aircraft 
against  any  equipment  that  exists  ins  or  may  be  added  to  the  AFATL  Store 
Data  File.  The  compatible  Aircraft/Test  Case  Store  Interface  Connections 
Computer  Program  provides  a  means  to  determine  aircraft/store  electrical 
interface  compatibility  by  comparing  the  mating  ability  of  the  aircraft 
and  test  case  store  interface  connectors.  A  test  case  store  is  defined 
as  the  store  or  suspension  device  that  is  to  be  tested  for  compatibility 
with  the  aircraft  interface.  The  Aircraft/Test  Case  Store  Interface 
Compatibility  Computer  Program  essentially  performs  a  pin  to  pin  circuit 
compatibility  analysis  for  all  associated  aircraft/store  interface 
connections.  The  program  provides  a  diagnostic  printout  of  any  incom¬ 
patibility  that  may  exist  that  will  preclude  satisfactory  electrical 
compatibility  between  the  aircraft  and  the  store.  The  complementary 
station  interface  circuit  analysis  computer  program  provides  a  means 
to  determine  electrical  interface  compatibility  independent  of  the 
aircraft  to  store  connector  mating  ability.  Thus,  this  program  will 
facilitate  the  analysis  and  definition  of  all  complementary  (matched) 
circuits  that  exist  between  the  test  case  store  and  ary  one  (selected) , 
or  all  aircraft  station  interface  connections.  An  Aircraft  Station  Data 
Retrieval  Computer  Program  is  also  provided  to  retrieve  any  part  of,  or 
all  data  documented  in  the  aircraft  interface  data  file.  All  of  the 
aforementioned  conputer  programs  are  written  in  the  FORTRAN  conputer 
language  and  are  functional  (without  change)  for  any  type  of  aircraft 
that  nay  be  documented  on  the  new  universal  aircraft  data  documentation 
formats. 


COMPATIBLE  AIRCRAFT/TEST  CASE  STORE  INTERFACE  CONNECTIONS  COMPUTER 
PROGRAM:  This  computer  program  is  designed  ‘to  search  the'  aircraft  data 
file  and  determine  what  aircraft  interfaces  are  compatible  with  a 
selected  test  case  store  with  respect  to  physical  eonnecter(s)  mating 
ability.  After  these  compatible  aircraft  interface  connections  are 
identified,  the  user  may  then  use  tills  information  to  select  the 
appropriate  aircraft  interface(s)  for  a  detailed  pin  to  pin,  or  circuit 
electrical  interface  conpatibility  analysis.  Other  analytical  conputer 
programs  are  provided  by  the  data  processing  system  for  this  purpose. 
The  general  arrangement  of  the  Compatible  Aircraft/Tost  Case  Store 
Interface  Connections  Conputer  Program  is  depicted  in  Figure  2. 


A  conputer  control  (input)  card  deck  is  used  in  conjunction  with 
the  new  Aircraft  Interface  Data  Pile  and  modified  AFATL  Store  Data  Pile 
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MODIFIED  AFATL 
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NEW  AIRCRAFT  INTERFACE 
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COMPATIBLE 
AIRCRAFT/TEST  CASE 
STORE  INTERFACE 
CONNECTIONS  COMHJTER 
PRINTOUT 


Figure  2.  Coegpatlblc  Aircr&ft/Teot  Case  Stores 

Interface  Caonectioas  Coeputer  Sto&cm 


to  provide  the  following  program  control  features. 

a.  Select  the  desired  test  case  store  and/or  suspension  device 
for  aircraft  interface  compatibility  testing. 

b.  Select  the  aircraft  station(s)  and  all  aircraft  interface 
connections  that  are  to  be  examined  Cany  one,  a  combination,  or  all) . 

The  computer  program  will  produce  a  data  printout  (Figure  3)  that 
will  identify  all  aircraft  interface  connections  (that  are  compatible  with 
the  test  case  store)  by  aircraft  interface  connection  code  number  and 
connector(s)  part  number.  This  printout  will  also  specify  all  store 
types  and  their  connector(s)  part  numbers  that  are  normally  controlled 
by  ‘die  respective  aircraft  interface  connection.  The  printout  will 
identify  all  selected  aircraft  interface  connections  that  are  not 
physically  compatible  with  the  test  case  store  by  an  appropriate  diagnostic 
message.  A  record  of  the  requested  data  will  also  be  included  on  the 
printout. 

AIRCRAFT/TEST  CASE  STORE  INTERFACE  COMPATIBILITY  (WITTER  PROGRAM:  This 
computer  program  is^  designed  'to’ 'perform  a  detailed  interface  circuit 
compatibility  analysis  between  all  selected  (and  physically  compatible) 
aircraft  interface  connections  and  the  selected  test  case  store.  Essentially, 
this  program  compares  the  corresponding  aircraft  and  store  circuit  charac¬ 
teristics  of  both  sides  of  the  interface.  Each  interface  pin  to  pin 
connection  is  evaluated  in  one  or  more  electrical  characteristic  comparison 
modes.  Each  mode  determines  compatibility  based  on  different  interface 
function  criteria.  The  function  criteria  of  each  characteristic  comparison 
mode  is  described  in  Table  III.  Ihis  method  of  circuit  comparison  adds 
versatility  to  the  system  to  allowing  the  user  to  analyze  data  for  only 
those  interface  compatibility  functions  (modes)  applicable  to  his  particular 
needs.  The  general  arrangement  of  the  Aircraft/Test  Case  .Store  Interface 
Compatibility  Program  is  depicted  in  Figure  4. 

A  computer  control  (input)  card  deck  is  used  in  conjunction  with  the 
new  Aircraft  Interface  Bata  File  and  modified  MAIL  Store  Bata  File  to 
provide  the  following  program  control  features, 

a.  Select  the  desired  test  case  store  and/or  suspension  device 
for  aircraft  interface  compatibility  testing. 


b.  Select  the  aircraft  stotion(s)  and  all  aircraft  interface 
connections  that  are  to  be  examined  (any  one,  a  combination,  or  all) . 


c.  Select  the  cltaracteristic  comparison  modes  to  be  used  in 
the  analysis  (any  one,  a  combination,  or  all). 

d.  Select  the  desired  coeputer  printouts. 


TABLE  III  CIRCUIT  CHARACTERISTIC  COMPARISON  MODES 


Comparison 

Mode 


Function 


Interface  Wiring 


Signal  Category 


Signal  Form 


Signal  Logic 


Snitching  Form/ Time 


Signal  Sequence 


Determine  if  the  aircraft 
and  test  case  store  are 
conpatible  with  respect 
to  basic  wiring  installation 
requirements. 

Determine  if  the  signal 
category  assigned  to  each 
aircraft  interface  connection 
circuit  is  compatible  with 
the  category  assigned  to  the 
mating  test  case  store  circuit 

Determine  if  all  circuits 
available  at  the  aircraft 
interface  connection  can 
suitably  control  the  test 
case  store  from  an  electrical 
power  standpoint. 

Determine  if  all  circuits 
available  at  the  aircraft 
interface  connection  can 
suitably  control  the  test 
case  store  from  a  switching 
logic  and  operational  usage 
standpoint. 

Determine  if  all  circuits 
available  at  the  aircraft 
interface  connection  can 
suitably  control  the  test 
case  store  from  a  switching 
method  and  timing  sequence 
standpoint. 


Determine  if  all  circuits 
available  at  the  aircraft 
interface  connection  can 
suitably  control  the  test 
case  store  with  respect  to 
its  signal  switching 
sequence  order  and  related 
on/ off  signal  requirements. 


Figuie  4.  Aircraft/test  Case  Store  Interface  CoB^atibility  ivcgratt 
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The  computer  program  will  produce  the  following  series  of  conputer 
printouts  (Figures  5  through  8). 

a.  Suninary  of  User  Input.  This  conputer  printout  provides  a 
record  of  all  the  data  requested  by  the  user. 

b.  Detail  Interface  Circuit  Connection  Compatibility  Report. 

This  computer  printout  provides  a  listing  of  all  interface  connections 
that  exist  between  the  aircraft  and  test  case  store.  Each  aircraft 
circuit  is  identified  by  a  circuit  code  number  and  its  signal  function 
nomenclature.  The  corresponding  store  (pin  mate)  is  identified  by  its 
interface  connector  code  number  and  pin  letter.  The  store  circuit  is 
also  identified  by  its  signal  function  nomenclature.  The  compatibility 
of  each  connection  is  indicated  separately  for  each  circuit  characteristic 
comparison  mode.  A  YES  in  an  adjacent  characteristic  comparison  mode 
column  indicates  that  the  respective  interface  connection  (aircraft  and 
store)  are  compatible.  A  NO  indicates  incompatibility  of  the  interface 
connection. 

c.  Incompatible  Interface  Circuit  Diagnostic  Printout.  This 
conputer  printout  complements  the  detail  interface  circuit  connection 
compatibility  report  and  provides  a  listing  of  all  incompatible  interface 
connections.  Each  incompatible  connection  is  identified  by  test  case  store 
connector /pin  number  and  corresponding  aircraft  circuit  number,  A 
diagnostic  message  will  be  printed  out  separately  for  each  incompatible 
connection.  The  message  will  identify  the  data  file  (aircraft  and  store) 
characteristics  nunbers  examined  and  describe  the  incompatible  condition(s) . 

d.  Interface  Circuit  Compatibility  Summary.  This  conputer 
printout  provides  a  quick  reference  that  summarizes  the  compatibility 

of  all  selected  aircraft  station  interface  connections  with  the  test  case 
store.  The  printout  will  list  all  interface  connections  by  aircraft 
interface  connection  code  number.  Each  aircraft  connection  is  correlated 
with  each  circuit  characteristic  eonparison  mode.  A  YES  in  the  respective 
characteristic  conparison  mode  column  indicates  that  all  interface  circuits 
examined  for  that  particular  aircraft  interface  connection  are  compatible 
with  the  test  case  store.  A  NO  indicates  that  one  or  more  aircraft  circuits 
are  not  compatible  due  to  a  circuit  connector  mating  discrepancy,  and/or 
a  circuit  electrical  characteristic  incompatibility. 

amENKfrARY  STATION  INTERFACE  CIRCUIT  ANALYSIS  PBOGRAM.  Ibis  computer 
program  is  desj^ted  to  determine  aircraft /store  electrical  compatibility 
by  examining  individual  interface  circuit  electrical  characteristics 
independent  of  the  aircraft  and  test  case  store  connector  type  and  pin 
insert  configurations.  This  feature  will  permit  a  detailed  and  complete 
interface  circuit  comparison  between  any  aircraft  and  store  interface 
stored  in  the  respective  system  data  files. 
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Figure  5  Sample  Output  for  the  User  Input  Report 
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Figure  6  Sample  Output  for  the  Detail  Interface 
Circuit  Comection  Compatibility  Report 
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Figure  8  Continued 


The  New  Complementary  Station  Interface  Circuit  Analysis  Program  will, 
therefore,  detect,  compare,  and  facilitate  the  printout  of  all  those 
aircraft  interface  circuits  that  will  complement  (are  electrically 
compatible  with)  the  selected  test  case  store,  lhis  new  computer 
program  will  also  be  capable  of  selectively  testing  thn  interface (s) 
in  any  one  or  all  of  the  circuit  comparison  modes  described  in  Table  III, 
However,  the  signal  sequence  comparison  nude  will  not  be  included  in 
the  analysis.  This  mode  requires  that  both  the  aircraft  and  store 
interface  connections  (for  all  circuits)  be  arranged  in  a  compatible 
pin  insert  configuration-.  The  general  arrangement  of  the  Complementary 
Station  Interface  Circuit  Analysis  Program  is  depicted  in  Figure  9. 

A  computer  control  (input)  card  dedc  is  used  in  conjunction  with 
the  new  Aircraft  Interface  Data  File  and  modified  AFATL  Store  Data  File 
to  provide  the  following  program  control  features. 

a.  Select  the  desirtd  test  case  store  and/or  suspension  device 
for  aircraft  interface  compatibility  testing. 

b.  Select  the  aircraft  station(s)  and  all  aircraft  interface 
connections  that  are  to  he  examined  (any  one,  a  combination,  or  all). 

c.  Select  the  circuit  characteristic  comparison  modes  to  be 
used  in  the  analysis  (any  one,  a  combination,  or  all). 

The  computer  program  will  produce-  the  following  computer  printouts 
(Figures  10  and  11). 

a.  Summaiy  of  User  Input,  This  computer  printout  provides  a 
record  of  all  the  data  requested  by  the  user. 

b.  Complementary  Station  Interface  Circuit  Analysis  Report. 
This  computer  printout  provides  a  listing  of  all  aircraft  circuits  that 
are  compatible  with  each  pin  connection  on  the  selected  test  case  store. 
The  printout  will  identify  the  connector  identification  and  pin  reference 
of  each  test  case  store  circuit.  The  complementary  aircraft  circuits 
detected  by  the  program  will  be  identified  by  interface  connection 
number,  aircraft  circuit  function  number,  connector  identification  and 
pin  reference.  These  data  will  be  listed  adjacent  to  the  respective 
test  case  store  circuit.  A  complementary  aircraft  circuit  will  be 
specified  only  if  all  the  detail  aircraft  circuit  electrical  character¬ 
istics  within  each  selected  circuit  characteristic  comparison  mode 
complements  the  respective  store  circuit. 

DATA  RETRIEVAL  PROGRAMS. 
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Figure  9,  Aircraft /Test  Case  Store  Complementary 
Station  Interface  Circuit  Analysis  Program 
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Figure  10  Sample  Output  of  tbe  User  Input  Report 
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Figure  11  Semple  Output  for  the  Complementary  Station 
Interface  Circuit  Analysis  Program 
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AIRCRAFT  STATION  DATA  RETRIEVAL  PROGRAM.  This  computer  program  is  designed 
to  retrieve  any  part  of,  or  ail  the  interface  data  documented  on  the 
formats  listed  in  Table  I.  The  general  arrangement  of  the  Aircraft  Station 
Data  Retrieval  Program  is  depicted  in  Figure  12. 

A  computer  control  (input)  card  deck  is  used  in  conjunction  with  the 
new  aircraft  interface  data  file  to  provide  the  following  program  control 
features . 

a.  Select  applicable  aircraft  station. 

b.  Select  data  block  printouts  for  station  interface  connector 
and/or  station  interface  circuit  wiring  data. 

c.  Select  data  printouts  for  any  one,  a  combination,  or  all 
aircraft  interface  connections  peculiar  to  a  specific  store  type. 

d.  Select  electrical  characteristic  data  block  printouts  (any 
one,  a  combination,  or  all)  for  those  selected  aircraft  interface  connec¬ 
tions. 

The  Aircraft  Station  Data  Retrieval  Program  summarizes  all  character¬ 
istics  for  each  connector  or  circuit  for  each  requested  data  section  at 
the  requested  aircraft  station. 

a.  The  output  is  headed  by  a  page  of  printout  which  summarizes 
all  user- input  definitions  of  data  sections  to  be  reported. 

b.  If  the  aircraft  station  connector  data  section  is  reqested 
for  reporting,  each  connector  characteristic  of  each  connector  of  the 
given  station  is  reported. 

c.  If  the  aircraft  station  wiring  data  section  is  requested 
for  importing,  each  wiring  data  diaracteristic  for  each  electrical  circuit 
at  the  given  station  is  reported. 

d.  For  each  signal  form  data  section  (for  a  given  equipment 
interface  group)  which  is  requested  for  reporting,  each  signal  form 
data  diaracteristic  for  each  electrical  circuit  within  the  given  equip¬ 
ment  interface  group  is  reported. 

e.  For  eadi  logic  data  section  (for  a  given  equipment  interface 
group)  which  is  requested  for  reporting,  eadi  3,ogic  data  diaracteristic  for 
each  electrical  circuit  witliin  the  given  equipment  interface  group  is 
reported. 

f.  For  eadi  switdiing  fom/time  data  section  (for  a  given 
equipment  interface  group)  which  is  requested  for  reporting,  each 
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SIGNAL  LOGIC 

DATA 

DATA 

SWITCHING 

SWITCHING 

FORM/TIME 

FORM/TIME 

DATA 

DATA 

SIGNAL 

SIGNAL 

SEQUENCE 

SEQUENCE 

DATA 

DATA 

SPECIFIC  STORE  TYPE  INTERFACE  PRINTOUTS 
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switching  form/tirae  data  characteristic  for  each  electrical  circuit 
within  the  given  equipment  interface  group  is  reported. 

g.  For  each  sequence  data  section  (for  a  given  equipment 
interface  group)  which  is  requested  for  reporting,  each  sequence  data 
characteristic  for  each  electrical  circuit  within  the  given  equipment 
interface  group  is  reported. 

Off-state  or  on-state  matrix  entries  are  shown  as:  A/C  connector 
identification  number;  dash;  A/C  circuit  pin  letter;  asterisk  if  pin 
lower  case  (else  blank);  equal  sign;  A/C  sequence  requirement 
(A  =  active,  I  =  inactive,  0  =  optional);  semi-colon,  as  in: 

102-A  *  =  A;  or 

106-BB  =  I ; 

Sample  printed  output  for  this  computer  program  is  shewn  in  Figure 
13. 

REVISED  EQUIPMENT  DATA  RETRIEVAL  PROGRAM.  The  existing  Phase  I  Equipment 
Data  Re  t  r leva 1  ’  Program  was  revised  to  facilitate  the  retrieval  and  printout 
of  all  new  store  electrical  characteristic  data. 

The  method  used  to  select  store  data  for  printout  is  described  in 
AFATL-TR-73-214  Phase  I.  This  procedure,  however,  was  modified  to  permit 
retrieval  of  data  associated  with  the  new  Switching  Form/Tirae  and  Signal 
Sequence  data  blocks. 

Additional  computer  printouts  are  provided  for  the  supplemental  and 
new  equipment  characteristic  data  blocks.  Hie  format  of  these  printouts 
are  essentially  the  same  as  the  existing  data  block  printouts  (Figure  14). 
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Figure  13  Smsple  Output  for  the  Aircraft  Data  Retrieval  Prewar, 
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Figure  3-3  Continued 
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Figure  13  Continued 
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Figure  13  Continued 
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Figure  13  Continued 
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Figure  13  Continued 
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Figure  13  Continued 


* 

* 

© 

8  * 
2  • 
bi  o 
rs  z 
o 

UJ  7 
o 

M 

►- 

«» 

►- 

(* 


• 

1 

1 

• 

<  < 

K  H 

O  o 

«# 

99 

•C 

N 

»  t 

1 

9 

r  r 

O 

w 

O 

1 

9b 

9 

9b 

UJ  J 

«  f 

*•* 

*♦ 

CL  { 

M  M 

< 

M 

19 

9 

• 

O*  o* 

O' 

0*  c 

I 

l  l 

9 

9 

# 

1 

K  fi 

1 

9 

• 

**■  •» 

*♦ 

•*  N 

* 

1 

u  99 

N 

<  ^ 

0  99 

1 

•  C) 

o  | 

•  t 

© 

«>  «0 

i  ! 

K  L 

9 

9  1 

*  9 

9 

•»  •* 

*■  9b 

1 

a  { 

?  ? 

•* 

? 

•** 

:  7 

s  c*i 

f?  X  9-  1 

°  M  Ml 

u  J  31 

2  j:  cji 

•>  » 

*1  »l 

«> 

.i 

**  k 

<£  Z  H( 

<  «t 

*> 

••  •» 

CL  «,  «' 

«  M 

<b 

n 

O  M 

5  «  w ! 

°  o  s? ; 

X*  K 

K 

N  N 

■j>  to 

W  U.I 

f*  s- 1 

1  9 

*»  lb 

1 

K 

.1  J 

o  •*. 

s  - 

O  t- 

£  is 

;  g 

*  or- 

tV  ^  * 
0“  4T  I 
W  | 

«  o$ 

tu  | 

Ui  E| 

2  2i 

«  «l 


It 

O 


*1  i 


••  AM 
**  <* 
M  M 

•»  » 

•  • 


41 

* 


•» 

I 


«  « 
X  * 

»  J 


o  M 

N  ■ 
»»  W> 
*  I 


X 

o 

M  i 
<*9 
«*  i 

«•  •** 

O  O 

M  H 

M 

o 

I 

>*_ 

91 

U9 

H 

« 

9 

1 

9 

1 

«  (Vi 

<V 

9 

K 

Ai 

1 

K 

H 

*4 

9 

9n 

J  t* 
J  U> 

J  N 
i  P 

"IK 

“  »  M 

u» 

UJ 

M 

*?  VI 

^  W 

«  «-4 

•p 

m 

tt 

9- 

U 

j  u 

9  if 

1  w 

-  -  £ 
<1  (i  2 

£ 

ar 

u 

«  £ 
j  2 

v4 

• 

i> 

V 

M 

•  3 

M 

«C 

u 

X 

K 

<o 

X 

K  | 

m 

1 

£ 

i 

•1 

« 

X 

«  *  £ 
-  Si  ft 
,*  .  £  5 

o  o 
*  * 


w  i 

S*,* 

vsi 


X 


*  «*  r 

“!S!Ss2?4!«**v« 

<S|  "  "SSSSSs 

’***'<*  *  -*  # 


I 

b. 

o 

s 


£08127  INTOODU^fOOv  CCCKVECTflf?)  C6TA 


li .JLX. 

ONOW 

U.H). 


(Y  *~W 
UJ  *<3 
enz-jo 
rzcftr 

30^H 

20<C 


O'  -J 
O  CD  • 
0-  MO 
om*-x 

U.Q  <t 

2um  uj 
i.  u  _  u 
CZOO 
O^UU 


UN 

•> 

UN 

o 


Of* 

uiuj 

£28 
oa  m 
zcAa 


r 

/ 


a  ui 

(TMM 

1-M^ 


DCO 

24 


K 

CM 


tu 

* 

o 

H 

ttO 

oo 

M 

o 

fC 

a 

CO 

z 

CL 

Oft 

4) 

OUJ 

t£ 

f 

-J* 

UN 

43 

<M 

OZ 

1 

M4 

W 

• 

aw 

tt 

Win 

*0 

♦*- 

►-►•* 

c> 

o 

mv 

U 

3U 

•J 

C 

u: 

*  • 

to 

>  • 

• 

UI 

KU 

t/l 

V* 

iw 

0  ts 

4 

A«S 

3tA 

oan 

U«1 

O 

**v>a 

Vli^i 

z 

t> 

v*u 

9 

W*#  ♦ 

z  x 

ZtUX 

•  « 

o>o 

>o 

OMt> 

‘UJM 

K 

»»u. 

M 

uou. 

M 

• 

040 

^Q»2  €3 

C'^JU:  | 

♦*510  O 

MMM  «4 


£S2 

ttec 

<ix 

aaa 


I 

faa 

o 

A 

3 

s; 

*r  i 

fn 

•P 

(U 

ce 


Is 

« 

+> 

c 

4) 


3. 

■sr 


•d 

a 

w 


*£ 

<u 


<U 

J2 

-p 


o 

<P 


»p 

»UJ-* 

00-3 

«4 

C 

*u  •* 

«0 

«9 

» 

«“3C 

•4 

Wfc  ■ 

-  -# 

PJj 

«*««<* 

*-Ki~ 

ooo 

W*%» 


102 


««««<  ae«<tf«<4«<4<4««<  «t  444 
•  till  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  •« I  I  • 

ccocc  eoecccccoocococa  01000 

II  H  II  II  II  II  II  II  II  II  II  II  ||  II  II  II  11  II  II  H  II  N  II  H  H  II  II  II  II  H  H  M  H  H  II  M  II  M  U  II  N  t>  I)  u  H  N 

<4<44444<444<<44  444444 


4* 

Xh 

M 

« 

o 

► 

X 

-JOT 

ft 

«o 

o 

20 

u. 

OuJ 

Hk 

'*"a 

wr 

U» 

c 

M 

Vi 

UU 

20 

-J 

MO 

* 

a<; 

*• 

ft 

•  • 

M 

u_  t  o 

u 

U>  IS 

u> 

ft  1  rnJ 

U 

1 

Ul 

*IN 

NO 

K 

S£ 

M 

MO 

*4 

o< 

o 

XU 

«4 

9U 

U.2 

►  it 

VO 

c* 

1-  * 

KO 

ox 

CODDO^QOBOCOQCQOCDCOQO»0 

iiiii£iI?ii§|PigiiIii§5£iSii?£££££S£££££S£5££5 

«3<Z  «T  «t  <t 

KMHhHOkhWhhhhkKKH-HHKhMOOWO^hhOOOOOOOOOOOOOOOOO 

WWMWWZtflWMl«WMW(/:WWWWWMW{fl2ZWW)MMZ2722ZZZ2ZZZZ222Z 

uotu  «j«j  -/  or  uiW 

i*  ooo  o'o'oo  oara'ooo  o  tnw  o' 

On'ft  Mftli-'O  O  ttfr'ft'ft'G  O*-  ft'ftfO'  M  &<<  U/liJ  ftOft  ft'ttl*JUJLJUJUJbJUJU>U>«UUJUJU;uiUJli.lUJ 
5C^  ^ujkc/h/iwi-  hU'Kii  u.ujft  o  u  tru  u-ujafc^o  tyu& &&(* czacmtrL  e*ot 

X-  2224ZZ  2ZJ  ?2ZZZ2Z7XjJ«32232q4«)CC«<i<«««(|<14«44 
&PP£:S:;sft£kiPcool*-Uj200c,ocuju-aa  ou.occo.ciua.aaa  Qaa  ft  0.0.  a  a. aft. 
vex  t-'icvwwuuacwiuoo  xo  or  n  o 

?aF??P?apoaaoaoooooooaoO<fiCi0(S«floaoeoeooebaooeoo« 
^  jf\JftifUCVJ(gCNJfNJftfSJMrVJtMtaf\jCVrCViC\JC\JC\JftJ(\jtKJ«-4  MM*^t\i(\jf\jC\JC\Jt\jf\Jf\J<NJf\j(\J(*jrviWf\| 
JUlJiJlJiiiiiJi  "ii.il  "  il  *£»  "  M  «  H  "II  II  II  It  H  II  H  H  II  II  mi  UK  It  II  H  H  H  H  H  II  M  N  » 

ccccorc  bocc  sccc  BecccsbeesizzsBcc  cocecccceecoei 

_ _ _ w  wuHncfluwiinnimiiwifl  c/HmAtrHACAC/w 

rOOOOOOCOOOOl:  CUJUIIUUJUJUJUJkJUJUJblhJMUIOOOOOCOOOOUJb  Jjbjujaiuiui 
^ZXZ4Z2X»SI44Z>'>'>->>>»->^>->.»'*->'ZZ22XZX<eZ4>’»->-^k>> 

eooL.oxst_jzft,3>tviM«fflOOxzft.art53»xx>-«uj->rofW>-»*ouiu.xi:  «/*♦»* 


o  m  £  Si  g!5”  >-  w  2  «  moS  Uiwtu 

a  o  *-aoo  &  xw  ~i  o  3>-  »-►- *->-►-  »-  n-  *-►• 

ttuau  zz  out  OB  uuiaru  wsuiiou  00444  o  00  uu 

jizMo-ujasjKxaiaxok  </>«*£«/>  ooaooaox  “zjjj  z  »  zz 

kia  «,  J*J*  xZX3«iu*  _J  X  »j«*  M  03  33000  3  33  33 

^OU^^XX'  lt;  O  «  4ZWO  XOtlB  *ZOf  U.*-U.U.WWinb-U.>-U.U.»»k-U.U.* 
►•iJ^ro'flvoovJ  iuzi.viftyiriTf»jc\zi  *iu  v  wmz  v  xv  v 
®22#  _KOONur3MSioiBi  ,  oz«3»4aaai-iJi-i-  u»-u»>t-uo>-»-o 
52522?^  *2  «*•*«*"  j«zs<  z  >in  wwzzz  in  nw  win 

JcaJ^co oor .  <jwzh«o  sosuobuiol  w»^*-'»-iOuiauiuioouJU  t 
4(Utl4W(ll<l«bCm.l».«^  4l-4«BI4VlJ(H44l)44«|>.Z>.kaU.O  Zl-ZXhZZI-l-Z 

»€*•«*»*•»  ■#tf'-j»N«'«r>a»j«g»«*.»tr«®»>«oer>«,iwM.«ir.«K(Sv«.*fuv'>*¥wi 


703 


Figure  lU  Continued 


100127  £LECT°TCA  L  SIGNAL  F0*M  DATA  PAGE 


c*“ 

2H 

32  tO  (S'  tO  tO  t/> 

CO  OOOUJOOOOOOU,OOOUJOOluOOOOOOOOOOU'OQOOOOOOOOOOOOOOO 

4J5*-* 

o 


I  tt 

I  c  to  coco 


•  r 

i 


uj  i x  oooooououooooooouoowoooooooouuoucuoououuOouovo 

o.  •«  ZZZZZZZZZZZZZZZZZZZ7ZZZZZZZ2ZZZZZZZZZZZZZZZZZZ 
>- 1  J 
w  I 
•  • 

C  I  CO  CO  to  tn*A 

«x  i  uj  oujoooocoouioooocnooooiuuiooooooooooooroocoooooooo 

C  I  tt  Z>>ZZZZZZZ>-7ZZZZZZZZZ>>2ZZZZ^Z?ZZZZZZZ7Z2Z?ZZZZ 
I  • 

I  c  toto  to  to  t/  to  to 

1 2  cuu'OU'CComoCL*crrii'Uiccorror,ccocct>ccrccrcocrrooc,cc 

I  H  Z>->Z>-ZZZ>-ZZ>.Z2Z>»>ZZ2ZZZZZZZ222Z2ZZZZ2ZZZZZ2ZZZ 


aoaooaoorooonooocooaaaaaOcoooocoacorooocDoor cq 
oa's^oooopoworaoaooooocjoonooooornoooooacooooaro 
>-  oaU'c.tf.on*  3irocr»if.c  u*u^U'awij'.3uooc*''>i3t  uoooaraowcir'ouuoisow 

C“to  ooNO(vjooc(\joo(\joWoN(\jCoagao&cooc;oociuot;oc<ODC'ooocooo 

<j  Q  •#♦•••••••••••••*••*•••••••••••••••••••••••••• 

ujX  oin  o  aaa  oo  o  o  ouaaaaQ^QnnoaaDooQoPaQaoaoaoa 

I  I  Ilf  I  I  I  I  I  I  I  I  I  I  I  I  I  I  •  I  I  I  I  I  •  I  I  I  I  *  I  I  I 

t n 


►-uj  uj  uixx  tu  u»  ujujui  uju<  uj  muiujuiujuiujuiujuiujujujujiyuiujtu 

ja  OOOZtJZ^hOUZtJUt.'2MtJZZ2t!OZ20ZOCZ7Z2ZZZZZZZZ2Z2ZZZ 

O*  OOCOCOOOCQOOOOCOOOOCOC.OOtfOtKQOCOCCJOOOOOOoCOOaO 

Z  2  22  2Z2  22  2  2ZZZZZZZZ2ZZZZZZZZ 


oaoaooooooooaaoapoocjoooaoODoaaooaDQooooooaaaao 
aoaocjoooopoooogaguuoooooouaoopaoouuoaoooQoaooo 
uj  oaoooctopOciooQaougOQOugupauQoaaaoucooOQOuaqciQoo 

Ciu  pnooooncoooaoooaooooooQOoaoooQOo^nooooaooooaoaa 

. . . 

*-^j  t/\«oc  CiCcM^io^orJffirtfOAOCODWccCJo^cjir^aooopwtaooooaaoooois 

-J<*  *<<V<\J  I  tv  |  ftf4(y«V  I  N*4<V  I  (VCU  |  I  I  C\J«V  I  |  *4  «  *4*4  I  II  I  I  I  I  I  I  I  I  I  t  I  I  I  II 

0>  I  *4  f4«4 

> 


I-  «  *«Vl<»^UU04*»OC^I*4f\jr>^U>sO^«OCrowM^) stU^iXJK  «OCra^4fMK.ftAsDN.C(ro*4fVjM^tlMD 

VT 


Figure  14  Continued 


1CD12?  ELECTPICAL  SIGNAL  FO»M  DA  TA  PAGE 


C'  ^MMMfOOU'U'W«lfi^Cf'«frtWK^(fHfO*nOo^*»Hr<^OaOOOOOOeOPOOOOCM5 
lii  MM  C\J  (\JC\J  <C 

•C  i/'atctwcc  «c  cc  «  <  .  «r  tnar*-*«e  (*  «o«c  N  Ksn 

U_  UJ  <T  >X  ^DCT  vU  eo«;«DvDA£)a>cC  vOCTvDtO»rrvi  «C>«X>  t£>  U?^)vC 

•>-  c cr*£>\j?<r4i&G'kC'f\r*c+4to  co 

t^z 

tO  M 


t 

•a 

3:  OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

3  2ZZZ£Za7^27ZZ2a1Z£22ZZZZ2^£24z2^Z242Z2Z2a:Z2^2 

Cft 


Ui  OOOiUOOOOUiOOOOOltJOOOOoOOOOOOOOOOOOOOOOOOOOOCOOOO 
C  2ZZ)-Z222«2222>2ZZ2zZZZZZ22222222Zr222Z22Z2222 


ZLli 

UJ*- 

a+* 

O'* 

3>-« 


OOOOOOOOOOCOOOOOOOOOOOCOOOOOOOOOOOOOOOOOOOOOOO 

Z2ZZZ2ZZ722Z2ZZ2Z22Z22ZZZZ2zZZZ22Z2222222222ZZ 


705 


Figure  lU  Continued 


tu 

O 


9  X 
I  * 
tu  9  X 
OUI 
*03  * 
an  i 

of^i 

UJJ  I 
mo  I  • 
2>9  2 
N  I  W 
I  X 
I 
I 

I 

I 

I 

• 

I 

I 

U J 


ODOOOOOOOOOOOOOOOOOQOOOOOODOOOOOOOOOOOOOOOOOOO 

tnoooeoiA^iAOoo^ooooooooooooooooooaoeooeaoaoaaooo 

*•••#•**♦•**••••**•••*#•***••••••*•••••••••**• 

ti)(j'o'o(roic^c0'aa'vooo(r£rooo(rflr»oofo^»4oooooooooooooooooo 
witsitsi  I  fsj  »  t  WH  |  9  NM «  I  9 •  I  CM  I  Nftj  MMIMMMMMlM 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOQ 

oooooooooooainoooaaaoaoooooooaaooaoooooooaooooo 
•  #*<►••**••••••••*••*•••#*•*****••*••••••••••** 

nmiAaiAoacw0cu)noou)iPoaovMnoo0oocQoaooaoooa'aooooooo 
MOaM  «  CM  t  M-H  •  I  •  CSKM  9  |  I  tt<M  |  f  o  I  oo 
|  H  WH 


h  HMM  M9~  W  MM  M 
M  HHW  MM  M  MM  M 

n  3  3  DD3  33  3  33  3 

MO  O  OOO  OO  O  OO  O 

w  frjjjj  a-ioatfar-jfyaofyoa'QJ 

N«X«4  WCliJHHM<  WHUJHUJHN 

a  02222  02 COCO 20000000  20220 

a  OOOO  02  022  O  002 

o  ?MMWM  2WD777HJ237^ZZ  m2 MM3 

I  aMMMM  tUHOtUWUJMaUJOtUOlULU  MUit-MO 

t  attaaa  aaa aaa  o.aa a'a.a'aa  ac.ao.of 

t  ooooo  oooooooooeoooo  ooooo 


a 

o 


t 
t 

Ui  t 

a  « 

t! 

•  O'  • 

h-  •  arx 

I  03H 

3IZUJ 
131 


Of  J 

H  I 


ft  • 

KX 


M 

O  1 

3M 

n 

9 

OJ 

C 

a  i 

M  1 

9-M 

2 

ft  1 

yi 

or 

M  9 

pM 

o 

a  i 

a 

9  9 

•O 

2  9 

Mft 

•i 

O  9 

vo 

<* 

1 

UJ 

x 

o 

H 

a 

•9 

ft 

O 

03 

M 

1  O 

Or 

2(9 

M 

O 

o 

a 

-j 

a 

M  • 
MWX 

>• 

•Jft  2 

a 

3MO 

£ 

zzw 

2 

a 

z 

1 

no 

a 

1 

MS 

a? 

cz  J 

a«i 

ft. 

3 

•to  I 

C  w  1 

*£ 

O 

MM 

O  I 

UI  • 

a 

•kX  • 

ui  > 

• 

oo  1  JCW 

.10  9  20  • 

t/tt/t  vt  invnnw  tntnvt  wwtn  i n  vnnin 

OUJUIOUHJOOU/UIUJUlOOtJlUUlUIOUJUJtUOCUJOUIum/OoaOlJOOOOOOOUOOOO 
Z>->-Z>-ZZZ»-VVZZZ>->>-Z>-V>-ZZ>-Z>->-)-ZIZZZZZZZZZZZZZZX 

Mllll/IM  V)V)lnV>  vtV>V>VIV)V)V)V)  (O  WWW 

aujt-jujujoooujuiuujooujujujujuiuiuiuiaou|auj^ujooaooooooooooaooo 

oooooaoocooocoooooooocoooooaooocoooaooocoooooo 

ZZZZZZZZXZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZ 
H  tl  1/3  in  !/!«/!  l/U/) 

OCUiOU  OOCOli'OUjOCCUbCCOItUOOCOCOOOCUOOCOOOCOCOOOOO 
XZVZ«XZZ>-Z>'*ZZ>>’ZZZ>'>-XZ7Z2ZZZZZXZZZZZZXZXZZXX 

in  vt  v 

ocou.'00ccooooooilooouioooooqoooooooooocooocoooooo 

ZZZ>-ZZZZZZZ2ZZ>ZZZ>ZZZZZZ2ZZZZZZZZZZZZZZZZZZZZ 


*OfOfjS 


o» 

lOOUUUO 

XH-JCXP 

euootu 

aanfo 


a 


•  coo 

lOCZ 


OOCOOOCOOOCCcCCoOCOCCOOOOOOOQCCCOoOOtiOCCOOQOOO 

ZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZXZZZZZZZZZZZZZZZ 


aoOQoeoaciaooaooaotiaQDUctiB«ODOaacioooooOai>oOOEim 

(  I  •  I  I  I  I  tl  I  II  I  I  •  I  I  •  M  I  II  I  I  I  II  I  II  I  I  I  It  I  I  tl  M  I  I  M 


•  t  XX 

0.  I  oo 
ox  i  a ux 

OU»  '  ~ 

- 

MIJ1HU 

kl  I 

at  »•  »o  » 

OH  I OOk 

h-SIh-om 

IMlIllMU 


I  uu 

IX  I  OLHX 

iu> i oMi  ooaoooooooooooooaoooeooooooooeooooaooooaoooooo 
ip i 0X0  zzzzzzzzzzsszzzzzzzzzzzzzzsszzzzzszzzzzzzzzzzz 

MIJIHU 


or*-  •  ««ric»HA»^l Jf XN«OW»» jut's* 

MUX 


too 


Figure  14  Continued 


MUJO  OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOCOOOOOOOO 
►-WOT  2ZZZZZZZ2ZZZZ2ZZZZZZZZZZZ2Z2ZZZ22Z2ZZ2ZZZZZZZZ 


(/>  c/1?.- 

OOOOOUJOOOOOOOOOOOOOCOOUJt.  ^nOOUiUJUIUJlUUiUlUJUiWUJUJU^UJUJUiUi 
ZZZZZ^ZZZZZZZZZZZZZZZZ^.^.vZZZ^^WW^^^ 


I  •  UJ 
•  XUN 

I  <SH 

i  x«xc n 

C 

I 

Ul 

IN)  •  UJ 

HZUN 

Mhvm 

x«/j 


OOOQOOOOooOOODOOOOOOQaOOtC«<04)i£OOOOC 
C\JCJ<\JCV)CUCaW<NJOaCVJ<\JCViCVJC\iAiCV»C\i<\i<UC\i<V/fNJ<UAJ^  «4*<*4 


«NJ  OfVJ  C\J  CM  CVJCNjCVJ  <\J  M |V‘C\J  CM  CUMCU  CNJ  CV*U  CM  CM  tVJfUM  O  C  0(9(3  C 
CUCVXVCVI«UCVIf^<UfUCVlCOCU(SJClMU(UCV)fU<UMfviCViWMCVI  (UCUCU 


X  «J 

1  <* 

< 

1  25U4 

M 

1  l-N 

<1 

I  CM 

o 

1  4  V) 

X 

or 

o 

•U 

u 

C_JUJ 

2SQ. 

-1 

«i 

XO*- 

z 

o 

w 

%n 

o  • 

»-HO 

-i 

OfHOZ 

«• 

030 

u 

1/iO.jUJ 

H 

zofva 

a 

uimuo 

CTOVJO 

o 

U) 

OOOOOQOOOOOOOOCWOOOOOOOOOQOOOOCOOOOOOOOOOOQOOO 

miiimimmimii 


oooooooooooooooooooooooaoooooooooooooooooooooo 

ZZZ7ZZZZ2ZZZZZZZZZZZZZ7Z2ZZZZZZZZZZZZZZZZZZZZZ 


T<noocor<»<oaOaHHoaQoaoooooo*4oqoaooOoopQt30aaaQooo 
(VI  I  M  I  I  I  I  I  I  MMIMIIlHMIMllMIMMlIim 
o  oo  aa  q 

a*  oso  H 


Ul  oeooooaopoooaoqaQoooooaooPoaooopaooooooqaoaoq# 

y  cm.**  ogoaoQooooooOoaoDoooooaaeQOoooaooooaoooaaooocio 

>■  f  •••»••••••••••••  M  ••  t  ••  I  ••  •••  •  I  •  • 

*  4r.ua  ociPO(.ooobo^ac*DPoc>oPDacoooQoC9CJUC.ococu?PPciQ0QaC}O 

2  &xg5  . ....................... . . 

y  c«.n~ 
w  j*u 

tu 

»-a 

•.  IJ.U3! 

rs  o  yi  f  m 

ui  cvo  oecoooeeoowooPcoowooeoDfsoooaiiiooocoDOOOBQOoooao 
I- 1-0  XZZiC2ZKZSZ.Z2Z»2^ZZX»232XZ>S»SZX»Z»2S»8I 
W.UH9 


eoaoacoocoooeoooaooeooooooeooeooooaooceooooooo 

zzxsxxxxxzxraerxxxxxxxxg’sta'xxarzxxxxxxxxxxxxxxxxx 


.  O  M 
u*3U'9 
ucijc 
jxtcat 

S85S 


707 


Figure  lU  Continued 


100127  E  LFC7RICA L  tCGTC  ndtft  P6GE 


m 


Figure  lU  Continued 


40012?  eLECTRirAL  tCGK  nATft  P&GE 


a  ovr  kh u-k-  u.k- 1-  Mu.u.k-u.k-k-  ►  uiuk-  k-k-k-k-  ^^k-k  hV-hi-t*v*>->^ k- »-  k-  k hKi-  ■■  t-  ►-  k- 
k- hq  «j«j  _i«j j44ajj<r<ia<iaa<a<i<i<i444i4«<i44<i«<t<i«i«i4< 
ZCLu  CoCccCCCWOCCCCCUCOOCOCCCOCCOCtlCOCOCCQCCOCOCCC 
oonr  z  z  zz  z  ?z 

o-jffi  ooi-OHoctHwoi"OOOHi«t,ocooooooooocoeooeococoooooco 

ZZUZI/1ZZ  ZW7^ZZ2irl':Z2:ZZZZ2ZZZZZZZZZ2Z227ZZZZZZ 


w 


)  • 

►  I  o 

«  _l  I  Z 
_lC  I 
acr  i  • 
MX  I  z 

>  .  >-  I  UJ 
CM  I  z 

I  o 

•  z 


□oo«rconrcoonooeDOQU\fiooooDOonnorcc>e,ooQOoODo<3aon 

I  t  I  CvJ  I  |  I  I  I  I  I  I  I  I  I  I  I  u-  I  I  I  t  I  I  I  I  >  I  I  I  I  I  I  I  I  I  I  |  I  I  I  I  |  t  I 


a 

ia 

o 

H 

a 

Ui 

a 

a 

a 

k 

w 

tn 

X 

X 

IV  IO  OOOOorOCOOOOOOOOOOOOOOOOOOOOOOOOoOOOOOOOOoOODO 
Ok-  I  k-  ZZZ2ZZZZZZZZZZ2ZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZ 

k-z  i  m 

MM  I 

ZO  •  •  l/J  MM 

co  iw  oooucoooooooocuoooujocoooooococoooooooooooooooo 

X  13  ZZZ>-ZZZZ2ZZZZZV2Z7>ZZZZZ/ZZZZZZZZZ2ZZZZZZZZZZZ 
»M 


cpotoococt oeiooctocpecoocooocycceooooooocoooco 

Z?7ZZZZZZZrZZ7?Z7ZZ7ZZZ?7Z?ZZZZ7ZZZZZZ7ZZZZZZZ 


i/ irvir  wvite  i/ivzzmm  v>  ipi^k. 
c ujuju.it oocuiu-'miporuiu  ujuju-ujujujOcu  ouuiuoooocooooeeoocooo 
Z»»»ZZZ>»’frS'ZZ>»»-»>>'ZZ>-2>»‘7ZZZZZZZZZZZZZZZZ 


imrttflt'/  i/i  c/iM  wmMw.mm  m  minl/i 

OuUJoltilOOCUOUJU>OOU.U.alllJli.UOOOQuCUlUUJOCOOOOOOOOaOOOQOO 

Z>J-k>-ZZZ>-Z>k-ZZ».>»>ZZZZ>’Z)-»ZZZ7Z7ZZZZZZZZZZZ 


oooQaoaoocuiOoooccuiouicooooooauioccoooooooooooooo 

ZZZZZZZZ7Z>ZZSZZZkZ>ZZZ:ZZZZ>'ZZZZZZZZZZZZZnZZ 


jau  oooeooocoDooaoooooooowocoocooooBoopooooooooooo 
UlOD  ZZZZZZZZZZZZZZZZZZZ2Z>>ZZZZZZZZZZZZSZZZZZZZXZSS 
OZJ 


•  M  M 

dco  eoccjooocoooeoooooooeowooecooocooooooooeotfocjooo 

uia  xssvsszszzzrusxxszrxirss^zarxssxxxsxzrzxszxszxarxkrxx . 

k-  •  mium  ji/vvPK«'tro»jrum'i.'VkC»'  •ccfcJ  -K'-H 

V* 


709 
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Figure  lk  Continued 
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Figure  lU  Continued 
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CONCLUSIONS  AND  RECOMMENDATIONS 


CONCLUSIONS:  The  Phase  2  Stores  Interface  Data  Handling  .Analysis  (SIEHA) 
his  accomplished  its  objective  of  augmenting  the  system  with  the  capability 
to  test  aircraft/store  electrical  interface  compatibility  by  a  completely 
computerized  means.  This  system  improvement  will  greatly  aid  those 
agencies  concerned  with  performing  aircraft/stores  compatibility  tests. 
Although  several  other  factors  such  as,  mechanical  fit,  ground  clearance, 
flight  dynamics,  and  store  separation  characteristics,  must  be  tested  to 
determine  the  overall  compatibility  between  the  aircraft  and  store,  the 
electrical  compatibility  testing  aspects  present  a  unique  problem.  It 
is  not  practical,  or  wise  to  mate  a  new  store  to  an  existing  aircraft 
station  electrical  disconnect  unless  a  complete  electrical  compatibility 
analysis  has  been  accomplished.  To  do  otherwise,  may  result  in  damage 
to  electrical  components  within  the  aircraft  or  store.  Mb  re  seriously, 
an  inadvertent  release  or  firing  may  occur.  The  degree  of  testing  provided 
by  the  Stores  Interface  Data  Handling  and  Analysis  System  is  sufficient 
to  detect  both  electrical  operation  and/or  safety  incompatibilities. 

By  having  a  prior  knowledge  of  compatibility  facts,  the  system  user  can 
readily  evaluate  the  situation;  and, if  feasible,  make  the  required  aircraft 
wiring  and/or  component  changes  accordingly.  After  all  incompatible 
conditions  are  corrected  (and  the  aircraft  data  file  is  updated  accordingly) 
the  SIDHA  system  electrical  compatibility  test  should  be  repeated  to 
verify  that  all  incompatible  conditions  have  been  corrected  and  no  new 
ones  were  introduced. 

The  F-111E  Aircraft  Stores  Interface  was  documented  in  the  formats 
previously  described  as  part  of  the  Phase  2  development  activity. 

The  F-4E  Aircraft  Stores  Interface  is  currently  being  documented 
in  the  prescribed  formats. 

The  system  is  available  for  use  at  AFATL  now  for  the  F-111E  and 
F-4E.  We  are  presently  using  the  Aircraft  Wiring  Analysis  program 
described  at  the  1973  symposium  to  define  a  hypothetical  F-16  Aircraft 
Stores  Interface  for  inclusion  in  the  Aircraft  Store  Interface  Data  File. 

This  system  will  be  of  benefit  to  both  industry  and  government  in 
that  it  will  onable  an  aircraft  electrical  compatibility  study  to  be 
done  early  in  the  development  phase  of  any  new  weapon.  The  major  problem 
will  be.  to  get  all  the  existing  inventory  of  aircraft  documented  and 
put  into  the  data  file.  . 

Additional  information  on  this  system  is  available  in  AFATL-TR-7S-5 
Vol  X  and  II. 
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BRU  10  SIDE  PLATE  CORROSION  STUDY 


FOR 

NAVAL  AIR  SYSTEMS  COMMAND 
(U) 

(ARTICLE  UNCLASSIFIED) 
by 

Kenneth  Trelewicz 
Dayton  T.  Brown,  Inc. 


ABSTRACT.  (U)  Aircraft  and  associated  equipment  corrosion  problems  probably 
date  back  as  far  as  World  War  I.  Since  then,  not  only  are  millions  of  dollars 
spent  in  the  anti-corrosion  battle,  but  a  great  number  of  man  hours  also  go  into 
maintenance,  repair  and  replacement  of  parts.  Loss  of  life  has  been  attributed 
to  corrosion  induced  failures  of  critical  aircraft  parts.  Increases  in  down 
time  of  aircraft  and  equipment  may  be  traced,  at  least  in  part,  to  the  need  to 
fight  corrosion  continually  and  efficiently.  Conditions  aboard  a  carrier 
aggravate  the  corrosion  problem  by  the  nature  of  the  carrier's  environment.  The 
relative  scarcity  of  pure  water  aboard  ship  prevents  anything  approaching  an 
industrial  type  of  corrosion  control  operation.  Corrosion  removal  methods  are 
often  severe  because  of  the  short  time  available  for  such  activities. 

Problems  of  corrosion  are  already  built  into  the  older  equipment  and  defy 
practical  correction,  certainly  by  fleet  level  maintenance.  NARF's  and  IMA'a 
can  and  do  correct  some  of  the  problems,  but  even  at  such  levels  only  so  much 
is  possible.  The  Naval  Air  Systems  Command  has  initiated  anticorrosion  efforts 
which  involve  design  changes,  scientific  and  technological  research  and  devel¬ 
opment  and  Improvement  in  overhaul  and  maintenance  equipment  and  procedures. 

One  such  program  initiated  at  Dayton  T.  Brown,  Inc.  under  the  direction  and 
funding  of  the  Naval  Mr  System  Comaand  involved  a  study  of  the  corrosion  on 
the  BRU  10  Bomb  Ejector  Rack  sldeplates,  in  particular,  around  the  hook  pivot 
pin  holes. 

The  purpose  of  this  paper  is  to  describe  the  approach  taken,  the  research  that 
was  performed  by  Dayton  T.  Brown,  Inc.  and  Che  programs  that  resulted.  The 
areas  of  research  involved  (1)  heat  treatment  and  alloys  (2)  galvanic  corr¬ 
osion  of  dissimilar  metals  (3)  exfoliation  (4)  3tress  corrosion  (S)  pro¬ 
tective  coatings  and  (6)  sealants.  The  programs  that  resulted  encompassed 
static  overload  testing  for  determining  strength  reduction  and  stress  corrosion 
testing  of  the  final  configuration. 


APPROVED  FOR  PUBLIC  RELEASE: 
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DISCUSSION 


BACKGROUND 


A  report  was  made  by  Navy  personnel  of  observations  and  test  results  from  the 
inspection  of  BRU  10  bomb  racks,  both  assembled  and  disassembled  at  various  Navy 
facilities.  The  racks  showed  a  variety  of  corrosion  mechanisms  and  products 
that  indicated  there  was  a  definite  and  important  fleet  problem  with  BRU  10 
racks  that  must  be  corrected.  In  particular,  severe  corrosion  was  noted  on  the 
inside  and  outside  of  the  aluminum  sideplates,  at  the  hook  pivot  pin  holes 
adjacent  to  the  hooks  and  at  the  pivot  plr-.  retaining  clips.  On  older  racks 
corrosion  was  occurring  on  bare  anodized  surfaces  while  on  the  newer  racks,  in¬ 
corporating  a  protective  paint  system,  it  was  occurring  under  the  paint.  Since 
the  problem  was  fairly  widespread  and  a  corrective  repair  technique  did  not 
exist,  many  sets  of  sideplates  were  being  rejected  due  to  the  amount  of  material 
needed  to  be  removed  to  correct  the  situation.  As  a  result  of  the  above  problems, 
an  investigation  was  undertaken  to  do  the  following: 

(1)  Determine  mechanisms  taking  place  during  the  corrosion  process. 

(2)  Provide  recommendations  for  correction  of  the  problem. 

(3)  If  possible,  supply  recommendation  for  salvaging  existing  damaged  side* 
plates. 

(4)  Test  ami  evaluate  recommendations 

(5)  Submit  final  configuration  for  incorporation  into  drawing  package 
and/or  repair  procedures. 


RESEARCH  FINDINGS 


First  the  conditions  surrounding  the  problem  had  to  be  defined  before  it  could 
be  completely  recognized.  The  sideplates  are  forged  from  aluminum  7075  and  are 
heat  treated  to  the  T6  condition.  Aluminum  7075-T6  is  a  high  strength  alloy  con¬ 
taining  high  residual  stresses  (on  the  order  of  Ksl),  due  to  the  quenching  oper¬ 
ation.  The  precipitation  heat  treat  operation,  (artificial  aging)  at  approx¬ 
imately  250#F  does  not  relieve  these  stresses  since  the  temperature  is  not  high 
enough  to  cause  grain  growth.  Ideally,  after  quenching,  there  are  compressive 
stresses  at  the  surface  of  a  material  and  tensile  stresses  in  its  middle.  Mach¬ 
ining  (including  pivot  hole  drilling)  la  performed  after  heat  treating  thereby 
exposing  high  tensile  stresses  at  the  new  surface.  These  stresses,  aa  will  be 
seen  later,  help  promote  certain  types  of  corrosion.  The  surface  of  the  alum¬ 
inum  la  anodized  which  normally  provides  good  corrosion  protection,  under  moat 
conditions. 

The  hook  pivot  pins  are  made  of  13  *8  atalnlesa  steel  which  ia  a  good  corrosion 
resistant  metal.  The .pivot  pin  la  installed  through  the  holes  in  the  aluminum 
sideplates  in  direct  contact  with  them,  and  supports  the  hook  imparting  "service" 


stresses  not  only  to  Itself  but  to  the  area  of  the  aluminum  around  the  holes. 

The  hook  shoulders  (chrome  plated  4140  steel)  cone  in  direct  contact  with 
aluminum  sldeplates  on  the  Inside  surfaces  and  a  pivot  pin  retaining  clip 
(stainless  steel)  comes  in  direct  contact  on  the  outside  surfaces  of  the  side- 
plate.  The  inside  of  the  pivot  pin  hole  and  the  inside  of  the  sideplate  are 
primed  with  a  zinc-chromate  primer  while  the  outside  surface  of  the  sideplate 
contains  an  additional  topcoat  of  white  polyurethane  paint.  The  complete 
sideplate  is  anodized  underneath  Che  paint. 

It  is  well  known  that  anodize  tends  to  'craze'  under  strain.  The  crazing 
shows  Itself  as  minute  cracks  or  discontinuities  in  the  coating.  These  dis¬ 
continuities  make  corrosion  easier  to  occur.  Since  the  load  imparted  on  the 
hook  pin  is  directly  supported  by  the  anodized  aluminum,  crazing  will  develop 
around  the  hook  shaft  areas  exposing  unprotected  aluminum.  Next  there  is 
direct  contact  between  stainless  steel  and  aluminum  and  chrome  plate  and 
aluminum.  According  to  certain  Military  Specifications  (eg:  MIL-STD-1250, 
MIL-E-16400F,  MIL-STD-454B  and  MIL-F-7179C)  and  many  other  notable  references, 
the  direct  contact  of  these  two  sets  of  metals  are  not  considered  permissible 
galvanic  couples  and  they  are  considered  dissimilar  metals.  Dissimilar  metals 
are  defined  as  two  metals  or  regions  of  metal  which  are  chemically  unlike  be¬ 
cause  of  a  different  composition,  state  of  stress,  surface  condition  or  environ¬ 
ment.  A  galvanic  corrosion  cell  is  defined  as  two  dissimilar  metals  in  electri¬ 
cal  contact  in  the  presence  of  an  aqueous  electrolyte,  (eg:  steel  and  aluminum 
in  presence  of  salt  atmosphere).  TWo  points  should  be  brought  up  here.  It  is 
stated  in  MIL-STD-1250  that  the  anodic  layer  on  aluminum  is  ordinarily  insul¬ 
ating,  but  may  lose  this  quality  after  exposure  to  humidity  and  should  not  be 
depended  upon  for  prevention  of  dissimilar  metals  contact.  Also  passivation 
of  stainless  steels  normally  protects  it  against  corrosion.  This  passivation 
is  due  to  the  formation  of  a  surface  oxide  film  (reaction  between  surface  and 
oxygen)  w?‘ich  la  often  of  oonoaolecular  thickness.  In  the  presence  of  certain 
contaminants,  notably  chloride  ions,  passivity  may  be  destroyed  at  snail  dis¬ 
crete  areas  of  the  film.  In  the  passive  condition  the  stainless  steels  and 
chrome  plated  steels  are  strongly  cathodic;  hence  they  will  damage  other  metals 
that  are  anodic,  notably  aluminum.  Also,  due  to  the  stdte  of  stress,  the  alum¬ 
inum  is  put  in  during  quenching  and  according  to  the  definition  of  dissimilar 
metals,  there  probably  exists  regions  of  aluminum  metal  around  the  hunk  shaft 
hole  where  anodic  and  cathodic  portions  are  creating  "corrosion  ceils''  within 
the  metal.  Additionally  the  paint  was  not  providing  any  additional  protection 
since  It  was  being  worn  and  damaged  by  the  action  of  the  hook,  pivot  pin  and 
retaining  clip  which  leaves  bare  surfaces.  As  can  be  seen  from  the  circum¬ 
stances  surrounding  the  problem,  we  were  getting  a  combination  of  conditions 
leading  to  electrochemical  (specifically  -  galvanic)  corrosion,  compounded  by 
the  poor  exfoliation  resistance  of  aluminum  707S-T6,  Xt  should  be  noted  that 
once  electrochemical  corrosion  stares,  the  chances  for  stress  corrosion  cracking 
of  the  aluminum  is  increased  greatly.  The  T6  temper  of  7075  is  very  suscept¬ 
ible  to  S.  c,  C.  due  to  the  unusually  high  residual  tensile  quenching  stress. 

At  the  hook  shaft  holes,  this  is  compounded  by  the  fact  that  there  are  exposed 
tensile  stresses  at  the  surface  due  to  machining  combined  with  design  stresses 
due  to  loads,  therefore,  any  method  employed  to  help  stop  the  elect rochemical 
corrosion  and  general  corrosion  will  certainly  help  to  reduce  the  change  to 
S.  C.  C. 
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INITIAL  RECOMMENDATIONS 


Based  on  the  Information  gathered,  the  following  recommendations  were  made: 

These  would  be  used  for  both  "in  service"  and  newly  manufactured  sideplates. 

(1)  In  service  sideplates  shall  be  stripped  of  anodize  and  inspected. 
New  sideplates  would  be  already  in  this  condition.  Bushing  thick¬ 
ness  to  enable  all  corrosion  products  to  be  drilled  away  from 
hook  pivot  holes  shall  be  determined.  Maximum  allowable  bushing 
thickness  would  be  3/32".  If  thickness  is  larger,  reject  the 
sideplates . 

(2)  Sideplates  shall  be  reheat  treated  (in  service  racks)  or  initially 
precipitation  hardened  to  Cite  T76  or  T73  condition.  The  T73  con¬ 
dition  provided  superior  exfoliation  resistance  with  a  loss  of 

10  -  12  1  mechanical  properties  while  T76  condition  provides  medium 
exfoliation  resistance  (ouch  better  than  T6)  with  a  loss  of  5  -  7  Z 
mechanical  properties.  The  T73  condition  is  produced  by  heating 
the  part  to  350  +  10°F  for  8  hours  while  the  T76  requires  335*  +5, 
-10*F  for  18  hours.  It  would  have  to  be  detemlned  how  much  the 
reduction  in  mechanical  properties  would  affect  the  bomb  racks' 
performance. 

(3)  Once  heat  treated,  the  sldeplate  pivot  pin  holes  shall  be  drilled 
to  allow  a  3/32"  wall  thickness  bushing  to  be  installed  and 
spotfaced  on  the  interior  1/16". 

(4)  Bushings  are  to  be  manufactured  as  follows: 

(a)  Material  shall  be  13-8  PH  CRES  heat  treated  to  U-1050 
condition, 

(b)  Bushings  ahall  be  shouldered  on  tbe  inside  1/16". 

(c)  Bustling  shall  be  cadmium  plated  in  accordance  with 
QQ-P-416C  Class  1  Type  2.  (.0005 '  thick  with  supple¬ 
mentary  chromatic  treatment).  This  provides  cadmium 
with  the  corrosion  resistance  and  cadmium  is  electro- 
mechanically  compatible  with  aluminum. 

(5)  Sideplates  (after  drilling)  shall  be  anodized  in  accordance  wi^h 
HIL-A-8625,  Class  l,  Type  2  with  the  duplex  sealing  operation  of 
amendment  1,  (dated  13  March  1969)  of  said  specification  used, 
Duplex  sealing  is  accomplished  by  immersing  the  sldeplate  in  a 
55  solution  of  nickel  acetate  and  sodium  Bichromate  which  provide 
additional  corrosion  protection  over  the  conventional  Bichromate 
seal  which  had  been  used. 

(6)  After  anodising,  the  bushings  shall  be  installed  with  a  .002"  press 
fit.  The  fit  shall  be  in  accordance  with  General  specification  for 
Design  and  Construction  of  Aircraft  Weapons  System  Volume  2 , 

Rotary  Wing  Aircraft  SD-24K, 

(?)  If  the  bushings  ate  subjected  to  removal,  ail  surfaces  should  be 
coated  with  fresh  zinc  chromate  primer  fT-P-f’5?  and  installed 
"vet**.  If  it  Is  to  be  a  permanent  installation,  the  epoxy  equiva¬ 
lent,  MIL-P-23377  shall  be  used. 
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(8)  After  the  primer  ha9  dried  or  set,  a  bead  of  polysulfide  sealant 
MIL-S-81733  shall  be  applied  on  both  sides  of  the  bushings  along 
the  area  of  direct  metal  contact  between  it  and  the  sideplate. 

This  would  keep  the  salt  atmosphere  from  attacking  the  cadmium 
in  direct  contact  with  the  aluminum  exposing  the  uncompatible 
stainless  steel. 

(9)  The  hook  pivot  pins  shall  be  13-8  PH  CRES  with  a  coating  of  MIL-L- 
46010  dry  film  when  applied. 

(10)  The  same  paint  system  (zinc  chromate  primer  plus  polyurethane  top¬ 
coat)  could  now  be  applied. 

(11)  The  Bomb  Rack  can  now  be  assembled  in  the  normal  manner. 

It  was  anticipated  that  these  methods  would  provide  means  of  repair  to  in  service 
sideplates  and  improve  the  overall  general  and  galvanic  corrosion  resistance 
of  old  and  new  sideplates  at  the  least  cost  possible. 

TEST  AND  EVALUATION 


To  prove  out  the  recommendations ,  two  bombs  were  manufactured  with  one  set  of 
sideplates  T76  and  one  set  T73  (excluding  the  paint  system  which  would  just 
retard  the  initial  corrosion  reaction)  and  subjected  to  the  following  tests. 

To  determine  whether  the  loss  in  mechanical  properties  of  the  sideplates  had 
affected  performance,  the  complete  bciub  racks  were  subjected  to  the  design 
load  and  moments  of  MIL-R-21982  (detailed  bomb  rack  specification).  Inis 
test  evaluates  the  racks’  ultimate  static  strength  Dased  on  maximum  aero¬ 
dynamic  loads.  The  results  of  the  testing  showed  the  T76  tamper  to  be  accept¬ 
able  and  the  T73  temper  to  be  unacceptable  based  on  the  fact  that  permanent 
distortion  was  occurred  in  the  sideplates  before  design  limit  loads  were  reached. 

Subsequently,  a  third  bomb  rack  was  manufactured  using  the  T76  non-painted 
"bushed"  T76  sideplates  and  was  subjected  to  a  stress  corrosion  test  along  with 
a  standard  non-bushed  T6  sideplate  bomb  rack.  Both  were  subjected  to  in  ser¬ 
vice  loads  while  in  a  5%  salt  spray  atmosphere  for  120  hours. 

Results  showed  the  bushings  to  completely  eliminate  the  corrosion  around  the 
hook  pivot  pin  holes  while  the  T76  condition  substantially  increased  the  over¬ 
all  corro gf'in  resistance  of  the  sideplate  as  compared  to  the  T6  sideplate. 

CONCLUSIONS 


As  a  result,  changes  have  been  made  to  the  original  design  data  package  draw¬ 
ings  to  be  used  for  procurement  of  new  bomb  racks  and  maintenance  manuals  were 
changed  to  reflect  the  new  corrective  measures  to  be  taken  to  salvage  in  ser¬ 
vice  bomb  racks. 

The  improvements  s teeming  from  this  work  are  expected  to  reduce  maintenance 
and  overhaul  hours  on  a  long  term  basis,  increase  the  bond)  racks'  reliability 
and,  therefore,  increase  aircraft  availability. 


72C 


CONTINUING  DEVELOPMENTS 


Additional  work  is  being  performed  at  the  Naval  Air  Development  center  in  con¬ 
junction  with  the  Naval  Avionics  Facility  in  the  area  of  sideplate  finishes 
and  preservatives.  It  is  hoped  that  additional  advances  in  primers,  sealants 
and  methods  of  cleaning  and  preserving  would  provide  greater  protection  and 
reduce  maintenance  man  hours. 
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ABSTRACT.  (U)  Since  January  1972,  the  joint  Technical 
Coordination  Group/Munitions  Development  (JTCG/MD)  Working  Party 
has  sponsored  the  work  on  the  Aircraft  Stores  Interface  Manual 
(ASIM).  The  manual  presents  a  compilation  of  armament  interface 
data  on  aircraft,  pylon  and  bomb  racks  in  the  form  of  scale 
drawings  readily  usable  for  aircraft  clearance  lines,  ground 
lines,  bomb  rack  hook  locations,  sway  brace  locations,  pylon 
locations,  aircraft  control  surfaces  and  other  items  necessary 
to  aid  in  the  detetermination  of  store-to-aircraft  clearances. 
This  manual  has  been  accepted  for  this  usage  as  a  Joint  Service 
document.  Many  additions,  however,  need  to  be  made;  such  as 
more  details  on  pylons,  access  to  doors,  pins,  etc.,  aircraft 
carriage  capabilities,  etc.  These  are  being  addressed  on  a  funds 
available  basis  and  will  be  provided  in  future  revisions.  The 
next  major  addition  planned  is  an  addendum  manual  on  the  stores 
in  the  form  of  scale  drawings  which  can  be  used  as  overlays  to 
the  basic  manual.  These  drawings  will  provide  store  geometry  and 
mass  properties,  including  dimensions,  weight,  center  of  gravity, 
moment  of  inertia,  tolerance  when  available,  and  basic  reference 
information  identifying  the  design  activity  and/or  activity  with 
engineering  responsibility. 
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Since  January  1972,  the  Joint  Technical  Coordination  Group/ 
Munitions  development  (JTCG/MD)  Working  Party  has  sponsored  the 
work  on  the  Aircraft  Stores  Interface  Manual  (ASIM'.  The  manual 
presents  a  compilation  of  armament  interface  data  on  aircraft, 
pylon  and  bomb  racks  in  the  form  of  scaled  drawings.  T;ie  manual 
is  readily  usable  for  aircraft  clearance  lines,  ground  lines,  bomb 
rack  hook  locations,  sway  brace  locations,  pylon  locations,  aircraft 
control  surfaces,  and  other  items  necessary  to  aid  in  the  determina¬ 
tion  of  store- to-aircraft  clearances.  The  manual  has  been  accepted 
for  this  usage  as  a  Joint  Service  document.  However,  many  items 
need  to  be  added,  such  as  more  details  on  pylons,  access  (doors, 
pins),  aircraft  carriage  capabilities,  etc.  These  are  being  ad¬ 
dressed  on  a  funds  available  basis  and  will  be  provided  in  future 
revisions. 

The  aircraft  designers  and  stores  test  agencies,  etc.  have 
needs  for  store  characteristics  data,  just  as  the  weapon  designer 
has  need  for  aircraft  and  suspension  data.  It  is  therefore  planned 
to  put  out  an  addendum  or  supplement  to  the  ASIM  on  stores.  This 
manual  will  cover  all  stores  (bombs,  clusters,  rockets,  missiles, 
tanks,  pods,  etc.)  that  are  attached  to  an  aircraft  through  suspension 
equipment  (racks  and  launchers).  The  drawings  will  describe  the 
physical  characteristics  and  shape  of  the  store  and  provide  mass 
properties  (weight,  center  of  gravity  moment  of  inertia,  etc.),  and 
who  has  engineering  responsibility  (organization,  code,  phone  number, 
etc.). 

The  first  phase  of  this  program  has  started  with  the  preparation 
of  a  Joint  Service  Data  Item  Description  (DID)  requiring  all  store 
designers  to  prepare  a  standard  format  drawing  to  be  included  in  the 
procurement  package  List-of- Drawings.  The  drawings  can  then  be  ex¬ 
tracted,  reduced  and  inserted  into  whatever  manual  that  requires  the 
weapon's  physical  data,  such  as  ASIM. 

The  next  phase  will  involve  acquiring  data  for  all  existing 
stores  and  adding  the  data  to  the  existing  procurement  package  List- 
of  -Drawings  system.  The  third  phase  of  the  program  will  involve  prep¬ 
aration,  distribution,  and  maintenance  of  the  manual  as  is  being  done 
with  the  ASIM.  A  standard  format  is  being  developed,  and  it  is  intend¬ 
ed  to  acquire  and  present  this  data.  It  is  planned  to  provide  these 
drawings  in  the  manual  at  a  scale  of  1/16"  =  1".  The  drawings  can  be 
used  as  a  direct  overlay  witty  the  current  ASIM.  The  original  drawing 
will  be  made  to  a  1/4  scale  and  photographically  reduced  for  direct 
overlay  to  the  manual.  Most  drawings  will  be  on  8  1/2"  X  11"  sheets; 
some  on  11"  X  17",  The  drawing  size  will  be  suitable  for  inclusion 
in  reports,  and  will  provide  for  easy  storage. 
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There  are  other  programs  that  acquire  and  present  other  data 
on  stores  and  stores'  requirements  that  complement  one  another 
without  involving  a  duplication  of  effort.  The  armament  management 
system  "Weapon  Interface  Data  Summary"  (WIDS)  books  is  an  example 
of  a  program  that  will  be  using  stores  physical  characteristics 
data.  The  WIDS  is  basically  a  stores  electrical  characteristics 
and  requirements  summary,  which  requires  standard  format  stores 
physical  characteristics  data.  Another  example  is  the  Weapon/Ship¬ 
board  Interface  Control  Data  books.  This  series  of  books  describes 
the  stores'  requirements  for  shipboard  handling  and  storage.  These 
shipboard  handling  books  also  need  store  physical  characteristics 
drawings.  These  two  programs  are  planning  to  use  the  stores  physical 
characteristics  drawings. 

The  proposed  stores  physical  characteristics  drawings  will  com¬ 
plement  many  programs,  as  in  the  previous  examples.  The  proposed 
drawings  will  alleviate  the  existing  problems  of  having  many  differ¬ 
ent  reports  using  their  own  separate  data  and,  in  many  cases,  using 
conflicting  data. 


LIST  OF  FIGURES 


Fig.  1  -  Aircraft  Stores  Interface  Manual  Status  and 
Planned  Expansion 


Fig.  2  -  CBU-551B  Interface  Control  Drawings.  Drawing  1  of  2 
Example  Store  Characteristics  Drawing  Format. 


Fig.  3  -  CBU-55/B  Interface  Control  Drawing.  Drawing  2  of  2 
Example  Store  Characteristics  Drawing  Format. 
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ABSTRACT 


STORES  MANAGEMENT  SYSTBI 


A  wide  variety  o£  weapon  control  systems  are  in  use  today  in  tactical 
aircraft.  A1 though  their  functions  are  similar,  each  system  is  peculiar 
to  its  aircraft  or  weapon.  Hardware  complexity  is  presenting  a  major 
problem  by  reducing  overall  aircraft  mission  reliability  and  aircraft 
flexibility.  Current  development  of  more  sophisticated  weapons  demands 
a  better  approach  to  stores  management. 

The  Armament  Laboratory  has  initiated  development  of  a  Digital  Integrated 
Stores  Management  System  (SMS)  capable  of  adapting  to  a  wide  variety  of 
weapon  systems  and  aircraft.  The  system  is  fully  programmable  providing 
adaptation  to  future  weapon  systems  with  only  software  changes . 

The  Stores  Management  System  consists  of  four  basic  components:  the 
pilot's  control  panel;  the  system  processor;  the  multiplex  bus;  and  the 
station  logic  units.  The  system  is  controlled  by  pilot  inputs  through 
a  small  number  of  programmable  switches.  The  system  computer  processes 
these  inputs  along  with  other  related  avionics  data,  and  sends  the 
corresponding  control  signals  to  the  station  logic  units  over  a  time 
division  multiplex  bus. 

The  central  processor  for  the  Stores  Management  System  is  a  KDLM  1602 
Rugged  Nova  general  purpose  minicomputer  with  S2K  x  16  bit  word  magnetic 
core  storage.  This  processor  provides  all  the  control,  monitor,  and 
release  signals  to  the  system.  It  interfaces  with  the  pilot  and  other 
aircraft  systems  as  well  as  tlie  stores.  Ibis  unit  does  all  data  pro¬ 
cessing  and  controls  bits  transmissions  between  itself  and  all  other  remote 
terminals,  The  processor's  software  is  constructed  in  functional  blocks 
to  allow  adaptation  to  different  aircraft  and  weapons  witliout  complete 
revision. 

Hie  pilot's  control  panel  consists  of  a  modified  Burroughs  self -scan  panel 
with  an  IJD  switch  overlay,  this  overlay  allows  the  pilot  to  select 
-  weapon  options  by  touching  tint  part  of  the  panel  where  the  option  is 
displayed.  The  256  character  display  and  switch  points  are  fully  pro- 
grammable,  -Thu  weapon  control  panel  displays  all  information  required  for 
stores  management  and  incorporates  many  previously  hardwired  weapon 
switches  into  a  single  display  and  control  device-. 

The  bus  multiplexer  provides  a  eosasunication  link  between  the  components 
oi  the  Stores Management  System.  This  is  a  party  line,  time  division 
multiplex  system  compatible  with  MIL-.STLMSS5.  information  is  Manchester 
It  coded  into  20  bit  words;  three  bits  for  sync,  10  data  bits,  and  one 
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odd  parity  bit.  Information  flow  is  in  the  following  format:  a  command 
word,  one  through  32  data  words,  and  a  status  word.  Components  of  the 
mux  system  include  a  bus  controller,  multiplex  terminal  units,  and  the 
transmission  line  and  couplers.  The  bus  controller  provides  the  inter¬ 
face  between  the  processor  and  the  transmission  line  and  is  under  soft¬ 
ware  control.  The  multiplex  terminal  units  interface  the  transmission 
line  to  the  remote  terminal.  The  transmission  line  is  transformer 
coupled,  twisted,  shielded  pair. 

The  station  logic  unit  provides  the  electrical  interface  between  the 
SMS  and  the  store.  This  unit  accepts  multiplexed  data,  decodes  this 
data,  and  generates  necessary  control  signals.  The  store  interface 
consists  of  the  following  signal  types:  power,  monitoring,  control, 
analog,  and  serial.  This  interface  is  not  dedicated  to  a  particular 
weapon  and  can  be  programmed  to  control  future  systems. 
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INTRODUCTION.  This  document  describes  the  Stores  Management  System 
'{SMS}'  In  development  at  the  Armament  Laboratory  at  Eglin  AFB,  Florida. 
An  overview  of  the  system  is  presented  explaining  system  objectives 
and  advantages.  Next,  the  general  system  architecture  is  discussed 
with  a  brief  description  of  the  major  functional  blocks.  Finally,  each 
functional  block  is  discussed  in  detail. 


OVERVIEW 


The  Stores  Management  System  (SMS)  is  an  advanced  development 
demonstration  that  controls,  monitors,  and  releases  stores  from  a 
combat  aircraft.  The  system  is  controlled  by  pilot  inputs  through  a 
small  number  of  discrete  switches  and  a  display  panel.  A  digital 
computer  processes  these  inputs  and  other  data  provided  by  aircraft 
systems  and  then  sends  control  signals  to  the  aircraft/stores  interface 
units  over  a  time  division  multiplex  bus.  In  addition  to  the  control, 
monitor,  and  release  of  stores,  the  SMS  retains  in  memory  preselected 
weapon  delivery  and  jettison  programs,  provides  for  weapons  options 
selections,  monitors  weapon  status,  monitors  the  status  of  avionics 
systems  directly  related  to  weapons  delivery,  provides  for  emergency 
jettison,  and  provides  other  functions  detailed  in  this  specification. 

The  SNB  also  enhances  the  safety,  reliability,  and  the  maintainability 
of  stores  management.  All  release  and  control  signals  are  encoded  into 
a  multi-bit  field  requiring  proper  decoding  prior  to  command  execution. 

This  reduces  the  possibility  of  an  inadvertent  release.  Also,  all  system 
performance  data  is  stored  throughout  the  flight.  This  data  details 
system  errors  and  malfunctions  which  occurred  during  the  mission  and  is 
read  out  after  the  flight  by  maintenance  personnel. 

System  Architecture.  The  Stores  Management  System  architecture  and 
functional  blocks  are  shown  in  Fig  1.  The  Stores  Management  System 
consists  of  four  basic  components :  the  Pilot’s  Control  Panel;  the 
System  Processor;  the  Multiplex  Bus;  and  the  Station  Logic  Units.  The 
system  is  controlled  by  pilot  inputs  through  a  small  number  of  programmable 
switches.  The  system  computer  processes  these  inputs  along  with  other 
related  avionics  data,  and  sends  the  corresponding  control  signals  to  the 
station  logic  units  over  a  time  division  multiplex  bus. 

The  central  processor  for  the  Stores  Management  System  is  a  ROLM 
1602  Rugged  Nova  general  purpose  minicomputer  with  a  32K  x  16  bit  word 
magnetic  core  storage.  This  processor  provides  all  the  control,  monitor, 
and  release  signals  to  the  system.  It  interfaces  with  the  pilot  and  other 
aircraft  systems  as  well  as  the  stores.  This  unit  does  all  data  processing 
and  controls  bus  transmissions  between  itself  and  other  remote  terminals. 

The  processor's  software  is  constructed  in  functional  blocks  to  allow 
adaptation  to  different  aircraft  and  weapons  without  complete  revision. 

The  weapon  control  panel  consists  of  an  alphanumeric  display  media 
of  a  minimum  of  five  lines  by  10  characters/line,  and  a  minimum  of  10 
programmable  switches  and  10  dedicated  switches.  The  option  selections 
are  made  by  depressing  the  programmable  switch  associated  with  the 
desired  option.  The  switches  are  positioned  directly  adjacent  to  the  display  area 
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FIGURE  1  STORES  MANAGEMENT  FUNCTIONAL  BLOCK  DIAGRAM 


on  both  sides;  i.e.,  fiye  switches  per  side.  The  dedicated  switches 
are  master  mode  switches  such  as  power,  program,  program  load,  program 
clear,  step  display,  display  inventory  of  weapons  loaded  (quantity  and 
type) ,  program  air-to-ground  weapons,  program  air-to-air  weapons,  gun 
select,  and  selective  jettison  program.  The  IVCP  displays  all  information 
required  for  stores  management  and  through  the  programmable  switches 
incorporates  many  previously  hardwired  weapon  switches  into  a  single 
device. 

The  bus  multiplexer  provides  a  communication  link  between  the  compo¬ 
nents  of  the  Stores  Management  System.  This  is  a  party  line  time  division 
multiplex  system  compatible  with  MIL-STD-1553.  Information  is  Manchester 
II  coded  into  20  bit  words;  three  bits  for  sync,  16  data  bits,  and  one 
odd  parity  bit.  Information  flow  is  in  the  following  format*,  a  command 
word,  1  through  32  data  words,  and  a  status  word .  Components  of  the 
multiplex  system  include  a  bus  controller,  multiplex  terminal  units,  and 
the  transmission  line.  The  bus  controller  provides  the  interface  between 
the  processor  and  the  transmission  line  and  is  under  software  control. 
Likewise,  the  multiplex  terminal  units  interface  the  transmission  line 
to  the  remote  terminal.  The  transmission  line  is  transformer  coupled 
twisted  shielded  pairs. 

The  station  logic  unit  provides  the  electrical  interface  between  the 
SMS  and  the  store.  This  unit  accepts  multiplexed  data,  decoded  this 
data,  and  generates  necessary  control  signals.  The  store  interface 
consists  of  the  following  signal  types:  power,  monitoring,  control, 
analog,  and  serial.  This  interface  is  not  dedicated  to  a  particular 
weapon  and  can  be  programed  to  control  future  systems. 

SMS  Software.  The  software  executed  in  the  main  logic  unit  provides  all 
of  the  control ,  monitor,  and  release  signals  to  the  system.  It  interfaces 
with  the  pilot  and  ether  aircraft  systems  as  well  as  with  the  stores. 

The  software  is  constructed  in  functional  nodules  allowing  simple  adaptation 
to  different  aircraft  and  different  weapons  without  complete  revision. 

It  is  written  in  machine  language  and  is  modularly  constructed  to  enhance 
debugging,  and  is  entirely  residont  in  the  core  memory  of  the  processor. 

Iho  general  organization  of  the  software  is  shown  in  Figure  2.  To  facil¬ 
itate  the  functional  description  of  die  softwa re,  the  individual  modules 
liavo  been  grouped  as  follows: 

a.  Utility  routines 

b,  Panel  routines 

c,  Functional  routines 

d.  Uata  tables 
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FIGURE  2  ROLM  1602  SOFTWARE  ORGANIZATION 


The  balance  of  this  section  will  describe  the  general  operational 
organization  of  the  SMS  software  and  detail  the  function  of  individual 
software  modules. 

The  utility  functions  performed  by  the  SMS  software  are  listed  below: 

a.  Real  time  clock 

b.  Idle  loop 

c.  Interrupt  handler 

d.  Record  history  inventory 

e.  I/O  routines 

f.  Power  up/down 

g.  Buffer  manager 

h.  Task  initiator 

i.  Executive 

The  hardware  real  time  clock  is  mounted  on  the  bus  controller  card 
in  the  1602.  The  clock  is  programmable  for  intervals  between  1  and  256 
milliseconds  in  1  millisecond  increments.  At  the  expiration  of  the 
programmed  interval,  an  interrupt  is  generated  and  is  processed  by  the 
real  time  clock  routine.  This  routine  checks  the  time  out  queue  and 
initiates  any  task  deferred  until  the  expiration  of  a  given  time  interval. 
Tasks  timing  out  simultaneously  are  initiated  according  to  their  relative 
task  priorities.  The  real  time  routine  returns  control  to  the  task 
interrupted. 

The  idle  loop  is  entered  when  no  other  functional  routines  require 
execution.  The  module  initiates  periodic  system  status  checks  of  the 
following  avionics  systems: 

a.  Avionics  Remote  Terminal 

b.  The  WCP 

c.  bad;  Store  SSIU 

d.  Each  store  providing  feedback  data 

Occasional  checks  on  static  portions  of  the  MLU  are  done  using  summing 
techniques.  failure  of  any  system  is  relayed  to  the  pilot  via  the  WCP 
(if  possible)  aiui  causes  a  branch  to  a  degraded  mode  of  operation.  The 
idle  loop  is  exited  when  another  routine  requires  service. 
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Tlie  interrupt  handler  processes  interrupts  generated  by  the  WCP, 
individual  MTUs,  or  tiie  real  time  clock.  When  an  interrupt  is  generated, 
the  interrupt  handler  determines  which  device  caused  the  interrupt  and 
transfers  contol  to  the  proper  service  module.  The  interrupt  handler 
causes  the  state  of  the  interrupted  task  to  be  saved  and  restores  that 
task  to  operation  after  the  interrupt  has  been  serviced. 

The  record  history  inventory  routine  is  entered  whenever  the  status 
of  any  system  or  store  needs  to  be  recorded.  Initial,  entry  occurs  on 
power  up  allowing  loading  of  the  status  of  the  components  of  the  SNK  and 
the  inventory  of  stores.  Other  entries  occur  as  stores  are  released  or 
systems  change  status.  This  module  maintains  the  station  inventory, 
stores  inventory,  and  history  tables. 

The  MLU  software  also  controls  I/O  to  the  bus  controller.  This 
information  consists  of  a  command  word,  up  to  32  data  words,  and  a  status 
word.  The  function  of  the  I/O  routines  are  to  encode  messages  and  control 
the  transmission  of  data.  The  I/O  routines  also  control  message  reception, 
decoding,  and  storage  in  the  proper  buffer  for  use  by  other  functional 
routines.  Simultaneous  requests  for  I/O  activity  will  result  in  the  higher 
priority  tasks  receiving  first  attention. 

The  function  of  the  Power  Up/Down  routines  is  to  provide  for  initial 
system  start  up  and  for  a  smooth  transition  of  program  operation  in  the 
event  of  a  power  interruption.  On  the  initial  application  of  power  to 
the  system,  this  module  causes  a  system  status  check  to  be  performed  and 
the  interrogation  of  each  SSIU  by  the  inventory  routine  to  determine  the 
number  and  type  of  stores  loaded  on  the  aircraft.  This  information  is 
stored  in  the  stores  inventory  table.  The  power  up  routine  will,  at 
pilot  option,  retain  or  clear  those  preprogrammed  jettison  and  weapons 
delivery  routines  retained  in  memory  on  power  down.  When  these  functions 
are  complete,  control  is  transferred  to  the  task  initiator  routine  to 
begin  execution  of  queued  tasks.  The  power  down  routine  insures  that  the 
data  required  to  restart  the  SMS  in  its  current  state  is  saved  and  that 
a  message  sigialing  MLU  power  failure  is  sent  to  the  WCP. 

The  buffer  manager  routine  allocates  and  de-allocates  I/O  buffers 
used  by  various  routine  and  tasks.  The  task  initiator  is  an  executive 
level  utility  program  that  determines  which  stores  management  tasks  are 
to  be  initiated.  The  tasks  are  listed  in  order  of  priority  below; 

a.  Executive  routine  and  I/O  service 

b.  Jettison  routine 

c.  Mission  routines 

d.  Gun  routine 

e.  Built-in-Test  and  discrete  check 


£.  Programming 

g.  Idle  loop 

The  task  initiator  maintains  two  block  storage  areas.  The  first  is 
the  Task  Control  Block  (TCB)  and  contains  information  giving  the  current 
status  of  each  task.  This  buffer  is  updated  after  program  interrupt, 
at  the  completion  of  tasks,  or  at  the  completion  of  individual  subtasks. 

The  Master  Control  Block  is  a  listing  in  priority  order  of  the  next  tasks 
to  be  performed.  This  block  contains  the  status  of  each  task,  whether 
waiting  I/O,  waiting  for  a  timeout,  or  in  execution.  This  data  allows 
the  task  initiator  routine  to  maintain  current  execution  of  several 
tasks.  The  task  initiator  exits  to  the  service  routine  for  the  next 
task  to  be  initiated. 

The  SMS  executive  changes  the  MLU  state  and  the  system  operation 
mode  in  response  to  pilot  inputs  from  the  WCP  or  discrete  switches. 

The  executive  causes  the  data  required  to  restart  any  task  to  be  saved 
in  the  TCB  and  reinitiates  the  highest  priority  task  after  an  interrupt 
has  been  serviced. 

Several  routines  are  required  to  control  the  Weapon  Control  Panel 
(WCP)  including  word  library,  switch  interpretation,  and  WCP  message 
processor.  The  word  library  consists  of  words  and  symbols  used  in  the 
generation  of  displays.  The  library  is  accessed  with  message  codes  from 
the  stores  function  table  and  transfers  these  words  to  the  panel  I/O 
routines  through  the  WCP  message  processor.  The  interpreter  routine 
gathers  and  formats  the  switch  information;  i.e.,  programnable  switch 
number,  related  option,  and  dedicated  switch  meanings;  and  transers  it 
to  the  WCP  message  processor  for  use  in  interpreting  the  pilot's  option 
or  dedicated  switch  selection.  WCP  message  processor  receives  data  from 
the  wrd  library  and  switch  interpreter  routines,  fomats  it  for  transmission 
to  the  W(P ,  and  then  transfers  the  data  to  the  I/O  controller.  The  message 
processor  also  decodes  data  from  the  WCP  and  loads  it  into  memory  buffers 
for  use  by  the  MLU.  Data  sent  to  the  panel  is  used  for  message  display. 

Data  returning  from  the  panel  will  consist  of  pilot  selection  commands . 

A  record  of  messages  sent  to  the  WCP  is  also  maintained.  A  number  of 
non-replys  will  cause  the  MLU  to  issue  a  "WCP  inoperative"  message. 

The  message  processor  routine  also  encodes  commands  for  controlling  the 
activation  of  switches  on  the  Panel  Switch  Matrix. 

The  functional  routines  are  the  implementation  of  the  logic  required 
to  control,  monitor,  and  release  stores.  The  software  modules  providing 
those  functions  are  divided  into  four  groups; 


a.  Programming 

b.  Mission  Execution 

c.  Simulation 
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d.  Special  Weapons. 

The  programming  functions  are: 

a.  Weapon  delivery  options  selection 

b.  Jettison  options  selection 

c.  Display  delivery  programs 

d.  Display  jettison  programs 

e.  Display  station  status 

f.  Continuously  available  options 

The  weapon  delivery  option  selection  routine  allows  the  pilot  to 
select  a  particular  type  of  weapon.  The  options  available  for  each 
weapon  are  stored  as  a  permanent  part  of  the  MLU  memory  in  the  Stores 
Function  Table.  The  selection  process  consists  of  displaying  available 
options  and  then  a  pilot  selection.  The  selection  is  recorded  both  on 
the  display  panel  and  in  the  MLU,  and  is  followed  by  the  display  of  the 
next  set  of  options.  This  sequence  is  repeated  until  all  options  are 
selected.  The  operator  will  then  have  the  option  of  storing  the  selected 
weapons  delivery  program  or  activating  it.  If  activation  is  selected, 
the  WCP  will  list  those  discrete  switches  (e.g..  Master  Arm,  Geardown 
Safety  Interlock,  etc.)  that  must  be  actuated  prior  to  the  weapon  release. 
Once  these  switches  are  ’'on"  the  WCP  will  indicate  the  displayed  weapon 
delivery  program  is  ready  for  execution. 

The  jettison  options  available  to  the  pilot  will  be  similarly  selected. 
The  WCP  initially  displays  stores  available  for  jettison.  Hie  pilot 
selects  the  store  to  be  jettisoned  and  the  stations  from  which  the 
jettison  will  occur.  In  case  the  store  selected  is  a  weapon,  the  pilot 
selects  either  an  armed  or  safe  release.  In  the  case  of  multiple  weapons 
on  a  secondary  rack,  all  weapons  are  released  in  a  standard  release 
sequence  at  a  minimum  release  interval .  When  these  options  have  been 
selected,  the  pilot  will  either  activate  the  program  or  store  it.  If 
"Activate"  is  selected,  the  WCP  will  display  the  selected  jettison  program; 
and  if  weapons  are  to  be  jettisoned  "armed",  will  check  the  status  of  the 
Mastor  Am.  The  pickle  button  then  serves  to  release  tin?  store.  If 
the  Master  Arm  is  not  "on"  all  stores  will  be  jettisoned  safe  regardless 
of  the  selection  made  by*  tire  pilot.  If  "store"  is  selected,  the  jettison 
program  will  be  stored  in  the  next  available  slot  in  the  preplanned 
jettison  area  in  MLU  memory.  These  programs  are  then  executed  in  a 
first -in- first -out  manner  by  operation  of  the  jettison  button. 


Hie  display  preplanned  delivery  jettison  program  routine  causes 
the  stored  preplanned  weapons  delivery  programs  to  be  displayed  one  at 
a  time  in  the  order  of  their  selection.  As  each  program  is  displayed, 
the  pilot  will  have  the  option  of  changing  the  selection,  activating  the 
program,  or  displaying  the  next  program  in  line.  The  initial  pilot 
selection  determines  whether  jettison  programs  or  delivery  programs  are 
displayed. 

Hie  display  station  status  module  is  entered  after  pilot  selection 
of  a  display  option  and  displays  station  by  station  the  stores  types 
available  and  the  status  (GO-NO/ 00)  of  both  the  station  and  the  store. 

The  display  will  inform  the  pilot  of  hung  weapons  at  the  station. 

The  Weapons  Control  Panel  will  have  three  switch  points  continuously 
active  during  all  modes  of  system  operation.  These  points  are: 

Function  Location 

Display  Programs  Dedicated  Switch  on  WGP 

Giange  Selection  *’  •*  ”  M 

Default/Gontinue  "  •*  M  " 

Activation  of  the  display  programs  switch  will  cause  the  software  to 
exit  the  current  routine  and  return  to  the  display  of  the  initial  program 
options  available  to  the  pilot.  The  options  displayed  will  be: 

a.  Weapons  Delivery  Program 

b.  Jettison  Program 

c.  Display  Preplanned  Programs 

d.  Display  Station  Status 
o.  Simulation 

Hie  mission  executor  software  accomplishes  tha  fallowing  functions; 

a.  Mission  Executive 

b.  Release/ Fire 

e.  Safe  Escape 
d.  fining 

o.  Dog  Fight 
1.  fisjcct 
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The  mission  executive  performs  a  sub-executive  function  by  responding 
to  pilot  conmands  from  the  discrete  MTU,  The  routine  is  entered  any 
time  a  weapons  delivery  program  or  jettison  program  is  activated.  A 
weapons  delivery  program  is  activated  either  by  pilot  selection  of  a 
display  option  on  the  WCP  or  by  op  ration  of  the  dog  fight  switch, 

A  jettison  program  is  activated  by  pilot  selection  of  a  display 
option  at  the  end  of  a  jettison  option  selection  sequence,  or  by  operation 
of  the  jettison  button.  This  routine  accomplishes  the  following 
functions: 

a.  Transfers  designated  release  program  to  the  "active  program" 
portion  of  memory. 

b.  Displays  the  program  called  up, 

c.  Checks  the  position  of  the  Master  Arm  and  other  applicable 
aircraft  and  pilot  operated  interlock  switches. 

d.  Sends  message  to  WCP  if  further  pilot  actions  are  required 
prior  to  delivery. 

e.  Conmands  final  store  preparations. 

f.  forms  the  required  commands  to  be  sent  to  the  store  prior  to 
release. 

g.  Calls  for  execution  of  the  safe  escape  routine  at  a  rate  not 
less  than  once  every  .1  second. 

h.  Calls  the  store  release  or  trigger  programs  when  the  boob  release 
button,  jettison  button,  or  trigger  are  actuated. 

i.  Displays  a  "Program  Complete"  message  when  tiio  delivery  has  been 
executed. 


j.  Responds  to  activation  of  the  dog  fight  switch. 

Activation  of  tJui  bomb  release  switch  causes  the  following  sequence 
of  events  to  be  perforated  in  the  re  lease/ lire  routine. 

(1)  A  "Start  Computation"  message  is  sent  to  the  KKC  if  an 
automatic  delivery  mode  is  selected. 

(2)  Hie  position  of  tlte  Master  Asa  and  other  aircraft  safety 
interlock  is  checked. 

(3)  Hie  pilot  is  informed  if  all  interlocks  requirements  are 

not  act, 

(4)  Arming  messages  are  sent  to  all  selected  stations. 
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(5)  A  release  counter  and  the  release  interval  is  set  up- for 
ripple  releases. 

(6)  Release  signals  are  sent  to  the  proper  station  after  receipt 
of  tile  release  signal  front  tire  WRC 

(7)  The  record  history  routine  is  called  to  record  the  results 
and  parameters  of  the  release. 

(8)  Control  is  returned  to  the  mission  executor  at  completion 
of  the  release  program. 

Activation  of  the  jettison  switch  causes  the  stores  release  software 
to  perform  the  following  functions: 

a.  Move  the  jettison  program  stored  in  the  first  position  in  the 
jettison  stack  to  the  "Active  Program"  portion  of  memory. 

b.  Store  the  program  currently  in  the  "Active  Program"  area. 

c.  Check  Master  Arm  and  aircraft  safety  interlocks. 

d.  Send  an  "Arm"  comaand  if  armed  jettison  is  selected  and  Master 
Arm  is  on. 

e.  Prepare  and  send  release  message. 

f.  Call  record  hi  story  routine. 

g.  Return  control  to  mission  executor  at  completion. 

Activation  of  the  trigger  switch  causes  tire  following  functions 
to  be  performed; 


a.  A  redreck  of  tire  position  of  tire  Mister  Aria  and  o tiier  aircraft 
safety  interlocks. 

b.  A  check  of  the  trigger  signal  to  see  if  tire  gun  is  to  be  turned 
on  or  off, 

c.  Tire  gun  speed  cesmnd  is  sent  to  the  gun. 

d.  the  fire  oasmasui  is  sent  to  the  gun  and  the  current  mode  of  gun 
operation  is  recorded. 

e.  Control  is  returned  to  tire  mission  executor. 


Hie  trigger  switch  causes  operation  of  the  gun  any  time  the  Master  Arm 
is  on  and  a  weapons  delivery  program  is  activated.  The  trigger  software 
will  not  initiate  operation  of  the  lead  computing  optical  sight  (used  for 
air-to-gun  modes)  unless  an  air-to-air  gun  program  lias  been  pre-programmed 
and  activated.  The  gun  will  always  fire  at  the  high  rate  unless  another 
rate  is  pre-programmed  and  that  program  is  selected. 

The  safe  escape  routine  is  entered  periodically  from  the  mission 
executor  and  the  stores  release  sortware.  The  function  of  this  module 
is  to  obtain  dive  angle,  airspeed,  and  "height  above  ground"  data  from 
the  Air  Data  Computer.  The  program  uses  the  dive  angle  and  airspeed 
to  ente^*  the  safe  escape  table  for  the  selected  weapon  to  obtain  a  minimum 
safe  release  altitude  for  fragment  clearance.  This  altitude  is  compared 
to  the  height  above  ground.  If  the  aircraft  is  below  minimum  safe  release 
altitude,  a  warning  is  displayed  to  the  pilot. 

The  fuzing  software  causes  fuzing  information  to  be  transferred  from 
the  stores  function  table  to  the  weapon  at  the  proper  time  in  the  release 
sequence.  The  software  is  capable  of  sending  fUze  activation  information 
to  both  conventional  and  digital  fuzes. 

Hie  reject  routine  is  entered  from  the  mission  executor  after  activation 
of  the  reject  switch.  The  function  of  the  routine  is  to  alter  the  release 
sequence  by  stepping  over  the  next  store  in  the  release  order  and  releasing 
the  second  one  in  line. 

The  dog  fight  routine  is  entered  from  the  mission  executor  after 
activation  of  the  dog  fight  switch.  The  switch  has  four  positions. 

Hie  first  position  causes  the  mission  executor  to  display  the  first 
preprogrammed  weapons  delivery  program  selected  by  the  pilot.  The  second 
position  displays  the  next  pre-planned  program  selected.  The  third  position 
causes  the  displayed  program  to  be  activated.  The  fourth  position  of  the 
switch  is  neutral  and  causes  no  software  interrupt. 

The  simulation  module  allows  full  operation  of  the  stores  management 
software  without  sending  ann  or  fire  commands  xo  the  stores.  This  routine 
is  entered  by  pilot  selection  of  the  last  "display  programs'*  options. 

When  the  selection  is  made,  the  word  "simulation"  is  displayed  on  the 
WCP.  Once  in  the  simulation  mode,  all  of  the  SMS  software  functions  are 
available  to  the  pilot.  In  the  simulation  routine,  operation  of  the 
pilot  controlled  discrete  switches  will  cause  the  routine  to  compare  the 
signal  input  from  the  discrete  MTU  with  a  standard  signal  stored  in  the 
MLU.  Any  discrepancies  in  coding  or  format  will  be  notified  of  faulty 
switch  operation.  Exit  from  the  simulation  mode  will  occur  by  pilot 
selection  of  the  display  programs  option. 

Hie  special  weapons  software  controls  tiie  arming  and  monitoring  of 
gravity  nuclear  weapons  in  a  manner  consistent  with  that  specified  in 
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Sandia  Drawing  185475.  This  drawing  specifies  the  sequence  of  commands 
required  to  arm  and  safe  the  weapon  and  the  monitor  requirements,  and 
applies  to  a  d  screte  weapon  only. 


Data  required  for  proper  control  and  monitor  of  aircraft  stores 
must  be  maintained  within  the  MLU  memory.  This  is  accomplished  using 
the  different  data  tables  listed  below: 

a.  Stores  Function  Table 

b.  Safe  Escape  Table 

c.  History  Table 

d.  Aircraft  Peculiar  Table 

e.  Inventory  Table 

Weapon  peculiar  data  is  stores  in  a  stores  function  table  and 
divided  into  two  parts;  the  fixed  length  entry  and  the  extensive  entry. 
The  fixed  length  entry  contains  the  following  information : 

a.  Weapon  code 

b.  Weapon  characteristics 

c.  Nose  arm  pin  number 

d.  Tail  arm  pin  number 

e.  Release/ fire  pin  number 

f.  Minimum  release  internal 

g.  Applicable  safety  interlock 

h.  Extension  data  access  information 

i.  lie  lease  mode  available 

j.  Number  of  releases  per  bomb  button  actuation 

k.  Employment  option  (disperse  or  separate) 

l.  .Arming  options  available 

Hie  extension  entry  table  is  of  variable  length  and  contains  the 
following  typos  of  store  information; 

a.  Hie  software  routine  controlling  each  individual  store  function. 
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b.  The  interface  pin  numbers  to  be  used  in  controlling  each  indivi¬ 
dual  store  function. 

c.  The  interface  pin  numbers  to  be  used  in  monitoring  store  function. 

d.  Options  available  to  pilot  for  selection. 

e.  WCP  and  MTU  messages  which  will  be  used  in  controlling  the  store. 

The  safe  escape  table  is  a  two  dimensional  table  of  minimum  safe 
release  altitudes  particular  to  a  weapon.  The  table  is  entered  with  dive 
angle  and  airspeed  data  from  the  Central  Air  Data  Computer  to  give  a 
minimum  safe  release  altitude.  This  minimum  altitude  is  coupared  with 
the  aircraft  altitude  to  give  fragment  clearance  information.  This 
table  will  be  a  permanent  part  of  memory  for  all  applicable  stores. 

The  histoty  table  is  formed  during  weapon  release  or  jettison  and 
contains  the  pilot  options  selected,  the  release  parameters  fdive  angle, 
airspeed,  altitude),  and  the  results  of  the  release  when  available. 

Tor  releases  from  a  multiple  carriage  rack,  results  will  be  stored  after 
enough  release  commands  have  been  sent  to  clear  the  rack.  The  results 
in  all  cases  will  be  either  "All  Released"  or  "Store  Hung." 

The  history  table  also  records  the  results  of  the  activation  of 
the  pilot  operated  discrete  switches  when  the  SMS  is  in  the  Simulate 
node.  The  status  of  those  stores  providing  feedback  will  also  be 
retained  in  this  table.  The  history  table  is  updated  by  the  record 
history  routine. 

The  aircraft  peculiar  table  contains  data  characteristic  of  the 
host  aircraft.  Data  contained  in  this  table  might  be  the  number  of 
stations  available  on  aircraft  and  safety  interlocks  which  must  be 
satisfied  prior  to  store  release.  This  module  gives  the  SMS  software 
the  ability  to  be  adaptable  to  various  aircraft  without  major  recoding. 

Hie  aircraft  peculiar  table  is  a  permanent  part  of  the  MLU  memory. 

Hie  inventory  table  is  divided  into  two  parts;  the  stores  inventory 
table,  and  the  station  inventory  table.  Roth  tables  are  constructed  and 
maintained  by  software.  The  initial  data  inputs  are  formed  frcra  Status 
I  information  from  tlie  Stores  SSIU.  Hie  stores  inventory  table  is  a 
store  by  store  listing  of  all  stores  loaded  on  the  aircraft  and  contains 
the  following  information: 

a.  Store  type  code 

b.  Address  of  store  function  table  entry  for  the  store 

c.  Address  of  safe  escape  table  entry 

d.  Stations  load  with  tliis  store 

e.  Characteristics  of  store 
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This  table  is  initialized  by  the  inventory  routine  and  maintained  until 
all  stores  of  one  type  are  released. 

The  station  inventory  table  includes: 

a.  Store  type  code 

b.  Parent  and  secondary  rack  type 

c.  Number  of  stores  at  station 

d.  Stores  released 

e.  Missile  status 

f.  Hung  weapons 

This  table  is  initialized  by  tire  inventory  routine  and  updated  as  stores 
are  released  or  otherwise  change  status. 

Sub-System  Interface  Units  (SSIU).  The  store  SSIU  provides  tire  electrical 
interface  between  the  Stores  'Management  System  and  the  store.  All  store 
control  and  feedback  signals  must  flow  through  the  item.  Functionally, 
the  store  SSIU  can  be  divided  into  the  following  blocks. 

A  command  word  is  received  from  the  associated  MTU  by  the  timing 
and  control  section.  Depending  or.  the  transmit/receive  bit  and  subaddress 
mode,  this  section  opens  a  channel  to  the  specified  submodule.  For  a 
particular  subaddress  mode,  the  section  will  compare  dual  transmissions 
to  ensure  proper  data  transfer  before  it  is  passed  to  the  submodule.  Also 
contained  in  this  section  is  the  control  sequence  electronic  responsible 
for  housekeeping  functions  r  ach  as  BIT. 

Data  is  then  transmitted  to  or  received  from  various  I/O  submodules 
including  control  section,  safety  interlock  section,  function  generator, 
signal  conditioning  section,  sensing  section,  programmable  coding  section, 
or  swi  tel  ling  section. 

The  control  section  must  provide  all  discrete  power  and  control 
signals  to  the  store.  Ihis  section  is  configured  to  provide  high  power, 
yet  huve  many  built-in  safety  features,  Nbltibit  codes  are  decoded  and 
compared  with  previous  transmissions  (see  safety  interlock)  before  being 
acted  upon.  Both  115V  3  phase  AC  and  28  VDC  must  be  switch,  some 
circuits  providing  IS  amps  continuous  and  up  to  50  amps  transients  capacity. 

The  safety  interlock  section  necessitates  the  ANP1NG  of  separate 
transmissions  before  activation  of  critical  functions.  Use  output  of  this 
section  must  be  a  one  before  any  critical  signal  car  be  used  and  is  con¬ 
stantly  monitored  to  detect  an  error  condition. 

Hie  function  generator  will  provide  the  serial  output  necessary  to 
control  the  ft-77  digital  fuze,  modular  weapons,  and  4-6  PAL  codes,  Hie 
subaddress  mode  is  decoded  to  determine  the  proper  weapon  interfacing 
procedure.  For  slow  response  weapons  (such  as  the  B-7?) ,  this  section  will 
interrogate  the  weapon,  store  the  appropriate  data,  and  deliver  this  data 
to  the  Mill  on  command.  A  dual  serial  interface  is  provided,  one  coded  is 
Manchester  II,  and  the  other  in  MR2. 
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The  signal  conditioning  section  contains  D/A,  A/D,  and  freq/digital 
convertors.  The  D/A  convertors  process  digital  information  into  analog 
signals  acceptable  for  a  store.  An  example  is  the  slewing  signal  for 
a  Maverick.  The  A/D  converts  store  analog  signals  into  a  form  suitable 
for  bus  transmission.  The  frequency/digital  convertors  formats  a 
frequency  into  a  digital  form.  This  convertor  will  allow  the  information 
content  of  the  Shrike  and  AIM-9  to  be  transmitted  on  the  multiplex  bus. 

The  sensing  section  monitors  the  discrete  functions  of  the  store. 

It  must  be  able  to  detect  28  VDC,  an  open  circuit,  or  a  ground  condition. 

The  programmable  code  section  allows  coding  of  32  station  locations, 
five  parent  rack  types,  nine  secondary  rack  types,  900  store  types, 
and  up  to  six  store  quantities.  The  store  5SIU  station  location  and 
parent  rack  type  will  be  programed  at  pylon  installation.  Secondary 
rack  type,  store  type,  and  quantity  will  be  programmed  at  time  of  weapon 
upload  without  power  on  the  aircraft,  and  will  be  read  by  the  MLU  at 
system  initialization. 

The  switching  section  must  switch  high  bandwidth  analog  signals 
(i.e.,  video)  and  route  certain  hardwired  functions.  These  functions 
are  rack  unlock  consent,  nuclear  consent,  and  emergency  jettison.  These 
are  ’'hardwired”  to  provide  safety  and  emergency  system  backup. 

Communication  with  the  store  SSIU  is  through  its  associated  ffTU  and 
is  in  MH-STD-1553  format.  A  comnand  word  is  first  transmitted  to  the 
SSIU  containing  the  following  information: 

a.  A  transmit  receive  bit, 

b.  A  subsystem  address  code  for  internal  SSIU  use. 

c.  The  number  of  data  words  to  be  transmitted  or  received. 

The  required  data  and  status  words  follow  this  command  word. 

Hie  store  SSIU  is  assigned  the  following  subsystem  address  codes: 


Subsystem 

Code 

Status  I 

"1011 

Status  II 

01100 

.  Control  Word 

01010 

SUJ  Logic 

01011 

PAL  Code 

10111 

Digital  Weapon 

10101 

The  Status  I  subaddress  allows  the  MLU  to  read  the  programaable  code 
information  (see  SSIU  functions) ,  This  is  the  store  loading  data  and  is 
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read  on  system  initialization.  The  Status  II  subaddress  code  allows  the 
MLU  to  obtain  store  status.  This  code  queries  the  sensing  section  and 
thus  relays  information  obtained  from  the  store  monitor  lines.  The 
control  subsystem  address  is  used  with  data  words  dedicated  for  control 
functions,  and  will  activate  particular  control  pins.  Each  word  consists 
of  a  4-bit  word  type  and  three  4-bit  control  functions.  Each  control 
function  corresponds  to  a  particular  pin  set. 

Communication  with  the  store  SSIU  proceeds  in  the  following  sequence: 
Upon  system  power  up,  the  MLU  queries  the  Status  I  section  of  each  SSIU 
in  turn  and  informs  the  MLU  of  overall  aircraft  loading.  The  MLU  then 
computes  the  pin  assignment  data  for  a  particular  SSIU  store  load. 

The  MLU  will  then,  and  as  needed  throughout  the  mission,  issue  control 
conrnands  to  the  store  SSIU  using  the  control  subaddress.  Periodically, 
the  MU  will  also  query  the  sensing  section  to  obtain  store  status. 

The  discrete  SSIU  provides  the  electrical  interface  for  additional 
cockpit  discrete  switching  including:  trigger,  bomb  release,  jettison, 
dog  fight,  reject,  master  arm,  uncage,  target  designate,  PAL  enable, 
ground  override,  nuclear  consent,  and  rack  unlock.  Activation  of  trigger, 
bomb  release,  jettison,  dog  fight,  or  reject  causes  an  interrupt  to  be 
issued  to  the  MLU.  Other  pilot  activated  switches  will  be  queried  on 
command.  The  aircraft  discrete  switches  interfaced  include  gear  up 
switch,  flap  interlock  switch,  bomb  bay  door  sense,  and  gun  gas  purge. 
These  switches  are  read  periodically  throughout  the  mission. 

Also  included  in  the  discrete  SSIU  are  A/D  convertors  and  digital/ 
frequency  convertors.  The  A/D  convertors  digitize  the  two  slewing  signals 
and  are  sampled  60  times  a  second  under  program  control.  The  digital/ 
frequency  convertor  encodes  the  lock-on  signals  from  the  AIM-9  and  Shrike. 

The  avionics  SSIU  provides  the  interface  between  the  multiplex  bus 
and  other  avionics  subsystems  interfacing  the  Stores  Management  System. 

The  MLU  will  use  data  from  or  control  the  following  subsystems:  weapon 
release  computer,  missile  firing  computer,  INS,  and  lead  computing 
optical  sight.  The  MU  will  send  to  tho  WRC  a  weapon  type  code ?  a  start 
computation  signal,  and  release  advance  information.  The  WKC  wall  provide 
the  MLU  with  a  system  status  signal  (tl)-N0/(D)  and  a  start  release  signal. 
The  Air  Data  computer  will  provide  true  air  speed,  calibrated  airspeed, 
altitude  (MSL),  and  altitude  (ACL).  The  status  of  each  component  will 
also  be  provided.  Tho  inertial  navigation  system  will  provide  attitude 
(pitch  and  roll),  latitude,  longitude,  heading,  and  system  status.  The 
MLU  will  send  sturt/stop  commands  to  the  lead  computing  optical  sight. 

The  required  data  will  be  loaded  directly  into  the  avionics  SSIU  from 
the  systems  addressed,  and  will  be  transmitted  to  the  MU)  over  the  multi¬ 
plex  bus.  The  avionics  Mil)  will  provide  data  on  demand  from  the  MLU. 
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Bus  Multiplex  System.  The  bus  multiplexer  provides  a  communication 
link  between  the  components  of  the  Stores  Management  System.  The  basic 
bus  architecture  conforms  to  MIL-STD-1553.  The  components  of  the 
multiplex  system  are  the  multiplex  terminal  units  (MTU) ,  bus  controller, 
(BC),  and  the  line  and  couplers. 

The  multiplex  terminal  units  can  be  divided  into  bus  interface 
circuitry  and  SSIU  interface  circuitry.  The  bus  interface  circuitry 
consists  of  a  receiver  and  transmitter  section.  The  receiver  provides 
for  input  data  conditioning  and  detection,  sync  code  detection,  data 
clock  generation,  bi-phase  to  NRZ  conversion,  and  error  checks  of 
the  input  data.  The  transmitter  section  provides  for  sync  code  generation, 
parity  generation,  NRZ  to  bi -phase  conversion,  and  bus  driving  circuitry. 
The  SSIU  Interface  circuitry  consists  of  a  32-word  RAM,  its  associated 
control  logic,  the  parallel  data  interface  to  the  SSIU,  and  the  control 
lines  to  the  SSIU.  This  circuitry  stores  data  received  or  data  to  be 
transmitted.  It  then  passes  the  data  to  its  associated  SSIU  at  a  one 
mega  word  rate. 

The  MTU,  including  the  above  mentioned  sections,  receives  command 
words  issued  from  the  controller.  The  received  command,  containing  the 
designated  terminal  number,  commands  the  MTU  to  receive  or  transmit 
data  from  or  to  the  controller  or  another  MTU.  Once  an  MTU  is  commanded 
to  receive  data  and  thereafter  there  is  no  activity  on  the  data  bus, 
the  MTU  will  maintain  its  receive  mode  for  approximately  9  micro  sec, 
after  which,  it  will  reset.  While  in  the  receive  mode,  it  will  accept 
any  messages  appearing  on  the  data  bus  with  the  data  sync  code  up  to 
the  quantity  specified  by  the  accepted  command  word.  As  the  data  words 
are  received,  they  are  stored  in  a  RAM  memory  for  subsequent  transmission 
to  the  SSIU.  Upon  receipt  of  the  proper  quantity  of  data,  provided  the 
bus  has  no  activity  for  3  micro  sec,  a  status  word  will  be  transmitted 
to  the  bus  controller.  If  no  errors  are  detected  in  the  received 
data,  the  data  will  be  transferred  to  the  SSIU  at  a  one  mega  word  rate. 

If  the  MFU  is  comnanded  to  transmit  data,  after  the  gap  time  of  two  to 
five  micro  seconds,  the  MIU  will  transmit  its  status  word  and  initiate 
the  SSIU  to  Mill  data  transfer. 

The  bus  controller  can  also  bo  divided  into  bus  interface  circuitry 
and  MI.U  interface  circuitry.  Tlic  bus  interface  circuitry  is  similar 
to  this  section  in  tlte  MHJ.  It  contains  tlie  transmitter  and  receiver 
sections. 

The  MU  interface  circuitry  contains  two  32  word  by  16  bits  RAMs, 
two  command  registers,  a  status  register  per  RAM,  and  the  necessary 
control  lines  for  the  MtXI  interface.  The  two  command  registers  provide 
for  terminal  to  terminal  operation  as  do  usage  of  the  status  register 
and  tlie  serial  I/O  register.  Data  transfer  operates  under  program  control. 
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The  bus  controller  provides  the  interface  between  the  MLU  and  the  bus 
and  operates  under  software  control.  Hither  RAM  can  be  used  to  transmit 
or  receive.  This  permits  maximum  flexibility  allowing  one  RAM  to  be 
loading  while  the  other  is  transmitting  or  receiving.  The  command  word  is 
loaded  in  the  addressed  command  register.  If  the  bus  controller  is  to 
transmit  data,  the  data  will  then  be  loaded  into  the  RAM  associated  with 
the  chosen  command  register.  The  controller  will  then  transmit  this  data 
when  commanded  by  software.  If  the  bus  controller  is  to  receive  data 
upon  software  comnand,  the  command  word  will  be  transmitted  on  the  bus. 

The  unit  will  then  receive  the  MTU  transmitted  data  and  store  it  in  the 
appropriate  RAM.  The  ?TTU  generated  status  word  will  be  stored  in  the 
status  register.  After  this  information  has  been  compiled,  the  bus  controller 
will  issue  an  interrupt  to  the  MLU  at  signal  completion.  Also,  located 
on  the  bus  controller  cards  ,  is  the  programmable  real  time  clock.  This 
clock  can  be  programmed  to  issue  an  interrupt  between  1  -  256  milliseconds. 

The  line  and  couplers  provide  the  transmission  medium  between  the  MTUs 
and  the  bus  controller.  The  transmission  line  consists  of  up  to  300  feet  of 
twisted  shielded  pair  cable.  This  cable  has  an  attenuation  of  not  more 
than  14  lb/100  feet  and  a  characteristic  impedance  of  70  ohms  at  1  megahertz. 
The  bus  couplers  consist  of  coupling  transformers  and  isolation  resistors. 

The  isolation  resistors  are  51  ohms  and  the  termination  resistors  are 
70  ohms. 
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WEAPON  LIST 


Racks 

1.  M/VU-12 

2.  M3R-10 

3.  AERO- 313 

4.  TER- 9 

5.  AERO- 7 A 

Conventional  Weapons 


1. 

LAU-34 

2. 

SUU-7 

3. 

SUU-13 

4. 

SUU-36 

5. 

SUU-38 

6. 

SUU-21 

7. 

LAU-3 

8. 

LAU-3 2 

9. 

LAU-59 

10. 

LAU-68 

11. 

SlJU-25 

12. 

SUU-42 

13. 

SUU- 23 

14. 

MKS4EO 

15. 

SUU- 20 

16. 

LAU-88 

17. 

AIM- 71! 

Nuclear  Weapons 

,4,  i 

1.  11-61 

2.  B-77  (Prototype) 
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ABSTRACT 

As  part  of  the  overall  Tri-Service  Advanced  Ballistic  Missile  Reentry  System  (ABRES) 
Program,  the  Defense  Nuclear  Agency  (DNA)  is  currently  investigating  the  coupled 
erosive/ablative  effects  of  high  altitude  hydrometer  environments  on  reentry  vehicle 
heatshield  and  nosetip  materials.  For  this  purpose,  the  concept  of  utilizing  an  F-4J  airplane 
as  launch  platform  for  the  Pedro-Recruit  booster  payload  combination  was  proposed  as  the 
Fighter  Launched  Advanced  Materials  Experiment  (FLAME). 

The  project  involved  the  integration  of  the  Pedro-Recruit  on  the  F-4J  airplane  and  the 
release  of  this  store  during  supersonic  flight.  The  Pedro-Recruit  rocket  is  a  25.7  foot  long, 
3,870  pound  two  stage  rocket.  Nominal  reentry  vehicle  velocity  in  the  experimental  region 
of  interest  at  35,000  feet  is  approximately  14,000  feet  per  second.  A  matrix  of  initial 
energy  conditions  which  would  yield  desired  vehicle  performance  was  developed  by  the 
Pedro-Recruit  manufacturer,  Aerojet  Liquid  Rocket  Corporation.  From  this  matrix,  a 
nominal  release  condition  of  1.3  Mach,  55,000  feet  and  30  degrees  nose  up  flight  path  angle 
was  chosen  based  on  predicted  aircraft  performance.  Pedro-Recruit  ignition  is  commanded 
after  apogee  at  13  degrees  nose  down  flight  path  angle  approximately  26  seconds  after 
release.  The  size  of  this  store  caused  several  unique  problems  in  integrating  the  store  with 
the  airplane.  The  solution  to  these  problems  resulted  in  an  installation  with  the  store  canted 
four  degrees  horizontally  with  respect  to  the  airplane  centerline  and  foldable  first  stage  fins. 
Analysis  and  flight  tests  were  conducted  to  verify  the  structural  integrity  of  this  installation 
as  well  as  to  assess  the  effect  of  the  store  on  the  flying  qualities  and  performance  of  the 
airplane. 

The  unique  carriage  configuration  also  generated  interest  in  the  supersonic  separation 
characteristics  of  the  store  from  the  airplane.  In  order  to  assess  these  characteristics,  captive 
trajectory  separation  tests  were  conducted  at  Arnold  Engineering  Development  Center 
(AEDC)  Tullahoma,  Tennessee.  Based  on  the  data  obtained  from  these  simulations  ar;J 
analysis  of  the  separation  conditions,  sufficient  data  were  gathered  to  obtain  a  flight 
clearance  for  release  of  this  store.  Initial  dummy  separations  were  conducted  at  the 
Tonopah  Test  Range  with  live  firings  successfully  conducted  at  the  Naval  Air  Test  Center 
(NAVAIRTESTCEN)  Patuxent  River,  Maryland. 

This  program  demonstrated  the  successful  use  of  store  separation  prediction  techniques 
to  safely  clear  a  new  store  in  a  portion  of  the  F-4J  flight  envelope  where  store  separations 
had  not  been  previously  attempted.  In  doing  this,  several  novel  innovations  in  store 
suspension  equipment  were  tested  and  successfully  used  in  the  program. 


Approved  for  public  release;  distribution  unlimited 
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In  April  1974,  the  Defense  Nuclear  Agency  IDNA)  requested  the  U.  S.  Naval  Air  Test 
Center  (NAVAIRTESTCEN)  to  study  the  feasibility  of  launching  an  Aerojet  Liquid  Rocket 
Corooration  (ALRC)  Pedro-Recruit  two  stage  rocket  booster  with  nosetip  reentry  vehicle 
from  the  F-4J  airplane.  The  program,  termed  Fighter  Launched  Advanced  Materials 
Experiment  (FLAME),  was  initiated  as  an  extension  of  current  programs  designed  to  collect 
missile  nosetip  erosion  data.  The  specific  FLAME  program  objective  is  to  collect  coupled 
erosion/ablation  data  derived  from  reentry  vehicles  traversing  a  hydrometer  environment 
under  specific  reentry  conditions. 

From  a  Pedro-Recruit  energy  analysis,  these  reentry  conditions  established  a  matrix  of 
acceptable  Pedro-Recruit  initial  conditions  for  release.  It  was  then  necessary  to  correlate  the 
analytically  derived  performance  of  the  F-4J/Pedro- Recruit  combination  with  release 
conditions  required  for  nominal  rocket  performance. 

Initial  analysis  indicated  that  F-4J  airplane  performance  could  satisfy  initial  release 
energy  requirements.  Having  established  this  fact,  further  analysis  was  commenced  to 
determine  F-4J/Pedro-Recruit  integration  requirements. 


The  F-4J  airplane  is  a  two  place  (tandem),  supersonic,  long-range,  all  weather  fighter 
built  by  McDonnell  Aircraft  Corporation.  The  airplane  is  designed  for  intermediate  and  long 
range  high  altitude  interceptions  using  missiles  as  the  principle  armament  and  for 
intermediate  or  tong  range  attack  missions  to  deliver  airborne  weapons/stores.  The  airplane 
is  powered  by  two  single  rotor,  axial  flow,  variable  stator  turbo-jet  J79-GE-10  engines  with 
afterburner.  The  airplane  features  a  low  mounted  swept-back  wing  with  anhedral  at  the  wing 
tips  and  a  one-piece  stabilizer  with  cathedral,  mounted  low  on  the  aft  fuselage.  The  aircraft 
has  the  capability  to  carry  and  release  external  stores  from  four  wing  mounted  and  one 
centerline  station.  The  basic  suspension  equipment  in  the  centerline  station  is  the  internal 
AERO-27/A  bomb  rack. 


The  Pedro  Recruit  is  a  two-stage  solid  propellant  rocket  manufactured  by  Aerojet 
Liquid  Rocket  Corporation.  The  payload  is  recoverable  after  separation  from  the  second 
stage.  The  rocket  is  25.7  feet  long  and  weighs  3.870  pounds  (figure  11  The  first  stage. 
Pedro,  has  a  diamater  of  30  inches,  while  the  second  stage.  Recruit,  diameter  is  9  inches. 
Pedro-Recruit  is  stabilised  by  four  orthogonal  fins.  In  order  to  provide  additional  ground 
clearance,  two  of  tne  fins  are  rotated  out  of  the  orthogonal  configuration  about  the  rocket 
longitudinal  axis  for  carnage  (figure  21.  The  fins  deploy  to  the  orthogonal  configuration 
pyro technically  0.5  seconds  after  release.  The  first  stage  has  two  motor  fire  enabling  devices 
in  series,  a  pitot  operated  switch,  and  a  lanyard  puli  wire.  First  stage  ignition  is  initiated  by 
command  from  the  control  center  through  the  onboard  command  receiver,  A  mechanical 
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timer  provides  an  alternate  ignition  initiation.  Pirn  stage  bum  time  is  1 1.0  seconds.  Pressure 
reduction  in  the  first  stage  chamber  ignites  the  second  stage.  Second  stage  ignition  operates 
a  blast  diaphragm  which  releases  the  first  stage.  The  pressure  change  at  second  stage  burnout 
separates  the  payioad. 


Figure  t 

Pedro-Recruit  Rocket 


AFT  VIEW 
FWS  DEPLOYED 


Figure  2 

Fin  Deployment  Geometry 

P«Q.OPi^l.QjyGiU^L 

The  program  to  integrate  the  Pedro- Recruit  rocket  with  the  F-4J  was  divided  into  four 
segments.  These  were: 

a.  Design  and  impfernentation  of  the  electrical  and  mechanical  interface  required  tr; 
mate  the  Pedro-Recruit  with  the  F4J  airplane. 
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b.  Analysis  and  wind  tunnel  verification  of  flight  loads  imposed  by  the  Pedro-Recruit 
on  the  F-4J  and  of  the  performance  of  the  F-41/Pedro-  Recruit  combination 

c.  Determination  of  any  airplane  flight  restrictions  resulting  from  carriage  of  the 
Pedro-Recruit 

d.  Determination  of  the  separation  behavior  of  the  Pedro-Recruit  from  the  F-4J  at 
the  desired  release  flight  conditions. 

The  completion  of  this  program  resulted  in  sufficient  hardware  to  conduct  the  test  program 
and  sufficient  data  to  allow  the  Naval  Air  Systems  Command  to  issue  a  clearance  to  conduct 
the  test  flights.  The  remainder  of  this  paper  wilt  cover  the  details  of  each  of  these  program 
segments. 

Electrical/Mechanical  l  nterface 

The  McDonnell  Aircraft  Corporation  (MCAIR)  was  tasked  by  DNA  to.  with 
NAVA2RTESTCEN  assistance,  develop  the  required  electrical  and  mechanical  interfaces  to 
allow  carriage  and  operation  of  the  Pedro-Recruit  vehicle  on  the  F-4J  airplane.  The  design 
guidelines  established  were  that  the  installation  would  be  quickly  transferable  between  F-4J 
airplanes  and  that  the  F-4J  airplane  used  not  be  structurally  modified  for  the  program.  This 
last  requirement  was  a  result  of  a  desire  to  retain  the  standard  operational  configuration  of 
F-4J  airplanes  at  NAVAIRTESTCEN  as  well  as  a  desire  to  provide  flexibility  in  airplane 
availability.  An  additional  program  constraint  was  that  only  12  weeks  were  available 
between  program  initiation  and  first  separation  test  flight.  To  follow  the  design  guidelines  in 
the  program  time  frame,  existing  armament  suspension  equipments  mechanically  compatible 
with  the  F-4J  airplane  were  examined  for  possible  use  in  carrying  the  Pedro-Recruit  vehicle. 
An  examination  of  the  available  equipments  indicated  that  the  78  inch  suspension 
LAU-77A/A  Standard  Arm  Missile  Launcher  was  a  viable  mechanical  interface  for  use  in  the 
FLAME  program.  Further  analysis  indicated  that  the  LAU-77A/A  with  five  MK-9  MOD-O 
cartridges  would  provide  a  relatively  high  end  of  stroke  separation  velocity  for  the 
Pedro-Recruit  missile  (figure  3)  which  was  expected  to  enhance  the  separation 
characteristics  from  the  F-4  airplane.  Asymmetrical  airplane  load  considerations  constrained 
the  carriage  location  of  the  Peoro-Recruit  to  the  F-4J  centerline  station,  hsnee  installation 
of  the  LAU-77A/A  on  the  F-4J  AERO-27A  centerline  bomb  rack  was  examined  and  found 
mechanically  feasible  for  the  airplane/rocket  interface.  Upon  tentative  selection  of  the 
LAU-77A/A,  the  only  remaining  design  parameter  to  be  fixed  was  the  longitudinal  position 
of  the  Pedro-Recruit  relative  to  the  launcher.  The  location  of  the  Pedro- Recruit  was  being 
driven  by  several  conflicting  requirements  The  first  requirement  indicated  that  the  vehicle 
should  be  moved  relatively  far  aft  with  respect  to  the  launcher  so  as  not  to  interfere  with 
the  F  <J  no«  gear  retraction  cycle.  However,  placing  the  Pedro-Recruit  far  enough  aft  to 
move  the  nose  tip  of  the  Pedro-Recruit  out  of  the  nose  gear  retraction  arc  would  have 
exceeded  both  the  aft  center  of  gravity  location  restriction  on  the  airplane  and  the 
AERO-27A  structural  limitations  and,  in  addition,  would  have  imposed  unrealistic  rotation 
limitations  on  the  airplane  during  takeoff  and  landing.  The  airplane  takeoff/landing  rotation 
limitations  arose  from  the  marginal  clearance  between  the  undeployed  Pedro-Recruit  fms 
and  the  ground.  Two  proposed  solutions  to  these  conflicting  requirements  were  first  to 
design  a  pivoting  mount  for  the  launcher  which  would  rotate  the  Pedro-Recruit  out  of  the 


gear  retraction  arc  during  takeoff  and  ianding  and  second  to  mount  the  Pedrc- Recruit 
yawed  from  the  aircraft  centerline  to  keep  the  Pedro-Recruit  out  of  the  gear  retraction  arc 
at  ail  times.  Both  these  alternatives  pro. idad  adequate  rotational  clearance,  acceptable 
structural  loads  on  the  AERO-27A,  and  a  satisfactory  airplene  center  of  gravity  location. 
The  only  solution  to  the  installation  requirements  which  could  be  imolemented  within  the 
program  time  constraint  was  to  mount  the  rocket  yawed  4°  nose  right  with  respect  to  the 
airplane  centerline  moving  the  vehicle  nosetip  out  of  the  F*4J  nose  gear  retraction  path.  The 
suspension  hardware  of  the  LAU-77A/A  was  strengthened  and  modified  to  provide  the 
required  4°  yaw  and  an  aerodynamic  fairing  added  between  the  LAU-77A/A  and  -he 
AERO-27A  to  minimize  performance  loss  due  to  the  rack  installation.  The  resulting 
installation  is  shown  in  figure  4. 

The  electrical  requirements  of  the  Pedro-Recruit  were  supplied  using  existing  circuitry 
in  the  airplane.  The  FLAME  Control  Panel  was  inserted  in  the  starboard  console  in  place  of 
the  DCU-75/A  Special  Weapons  Control  Panel.  A  connector  adapted  it  to  the  Special 
Weapons  wiring. 

An  adapter  harness  was  r.  *\,tured  to  connect  the  centerline  Spechl  Weapons 
Connector  and  centerline  Muitv<*  Weapons  Release  Connector  to  the  LAU-77A/A. 
Internally,  the  LAU-77A/A  was  modified  such  that  the  Multiple  Weapons  Release  Circuitry 
was  connected  to  the  launcher  cartridge  firing  system,  vous  allowing  the  use  of  the  normal 
Multiple  Weapons  Release  System  for  release  of  the  Pedro-Recruit  rocket.  The  remaining 
wiring,  from  the  Special  Weapons  circuit,  was  fed  through  the  launcher  m  a  connector  at  the 
aft  end.  A  second  wire  bundle  was  then  uti.ized  between  the  LAU-77A/A  aft  connector  and 
Pedro-Recruit  connector.  By  using  existing  electrical  circuitry  in  the  F-4,  the  effort  required 
to  electrically  adapt  the  Pedro-Recruit  to  the  airplane  was  minimized. 
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Figure  3 

LAU-77A/A  Launcher  Characteristics 


Loads  Analysis  and  Performance 


A  loads  analysis  was  conducted  to  determine  the  structural  capability  of  the  F-4J 
airplane  to  withstand  the  loads  imposed  during  carriage  of  the  Pedro-Recruit  rocket.  In  the 
captive  installation,  the  store  is  mounted  on  the  F-4J  centerline  4°  nose  right  and  2°  nose 
down.  Loads  data  for  this  configuration  were  obtained  during  a  wind  tunnel  test  of  a  5% 
scale  model  in  the  4  foot  continuous  flow  transonic  tunnel,  at  the  Arnold  Engineering 
Development  Center  (AEDC),  Tullahoma,  Tennessee.  Based  on  these  loads  data  MCAIR 
provided  the  following  captive  carriage  envelope  for  the  Pedro-Recruit  on  the  F-4J; 

Speed  Placard  (shown  in  figure  5): 

Sea  level  to  40,000  ft  -  450  KCAS 

40,000  ft  and  above  -  525  KCAS  or  M  =1.8  (whichever  is  less) 

Maneuvering  Envelope: 

Vertical  load  factor:  n2  =-1.0  to  4.0 

Stick  throw  limited  to  gradual  coordinated  turns 

Gust  Velocity:  lateral  gust  velocity  of  25  fps  at  maximum  speed  of  525  KCAS 

Airplane  Trim:  trim  as  required  to  maintain  zero  lateral  acceleration. 

Analysis  of  the  flight  envelope  indicated  that  maximum  loads  occur  on  the  525  KCAS 
speed  placard.  A  summary  of  these  load  conditions  is  presented  in  table  I.  The  analysis 
considered  the  F-4J  being  trimmed  0.5  degrees  nose  left  (producing  zero  lateral 
acceleration)  to  compensate  for  the  side  load  on  ihe  Pedro-Recruit  due  to  its  4°  yaw 
installation. 

The  incremental  drag  of  the  Pedro-Recruit  rocket  installed  on  the  F-4J  was  derived 
from  data  obtained  in  AEDC  wind  tunnel  testing.  This  increment  was  obtained  by  testing 
the  F-4J  model  with  and  without  the  store  and  launcher  installed.  A  curve  of  the 
incremental  drag  coefficient  as  a  function  of  Mach  number  is  shown  in  figure  S. 

The  nominal  profile  for  the  acceleration  and  climb  to  the  launch  point  is  shown  in 
figure  7.  Table  II  gives  a  detailed  breakdown  of  the  climb  and  the  nominal  launch 
conditions. 
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MACH  NUMBER 

Figure  6 

Pedro-Recruit  Installed  Drag  Increment 
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F  igure  7 

Project  FLAME  Nominal  Climb  Profile 


Table)  I 

Project  FLAME 

F-4J/Pedro  Recruit  Nominal  Climb  to  Launch 


OP t RATI ON  _ 

1.  Start  Engines,  Taxi,  Takeoff  i 

and  Accelerate  to  400  KCAS: 

5  min.  SIS  NRT 
1  min.  SLS  CRT 

4 

2.  MRT  Climb  at  400  KCAS  to  M  =  .9 

4 

3.  CRT  Climb  to  40,000  ft.  at  M  =  .9 

4 

4.  CRT  Acceleration  at  40.00U  tt  to 
300  KCAS 

4 

5.  CRT  Climb  at  500  KCAS  ro  45,000  ft 

3 

6.  CRT  Pullup  at  N  =  2g  to  0  =  36° 

z  3 

7.  CRT  Climb  to  55,000  It  at  0  »  36° 

TOTALS: 

Launch  Conditions:  M0t 


GROSS  WEIGHT  FUEL  DISTANCE  TIME 
-  (LB)  (N'M)  (MIN) 


(LB) 

48,168 


M  -  1.35 

Altitude  ■  55,000  ft 
V  «  30° 

N2  •  .86 

Cross  Weight  «  39,420  lb. 
Fu«l  Remaining  *  4839  lb. 


1303 

— 

5 

45,852 

1013 

— 

1 

44,841 

1011 

32.0 

3.3 

44.043 

798 

13.0 

1.5 

2606 

54.6 

4.7 

41.437 

39,641 

1796 

39.8 

2.6 

39,450 

191 

5.0 

.34 

30 

J3.9 

.08 

% 

1  « 

8748  lb. 

145.3  am 

19.02 

Note: 

Sl.S  =  Sea  Level  Static 
NRT  ■  Normal  Rated  Thrust 
MRT  ■  Military  Rated  Thrust 
CRT  »  Combat  Rated  Thrust 
KCAS  ■  Knots  Calibrated  Airspeed 
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Missile  Imposed  Flight  Rgstrictippa. 

Flutter  Considerations 

Structural  dynamics  analyses  were  conducted  by  MCAIR  to  assess  the  potential  for 
flutter  and  divergence  of  the  Pedro-Recruit  rocket  mounted  on  the  centerline  station  of  the 
F-4J  airplane.  The  analyses  encompassed  all  captive  flight  Mach  numbers  and  took  into 
account  the  stiffness  and  mass  distribution  of  the  vehicle  as  well  as  the  stiffness  of  the 
launcher.  Wind  tunnel  derived  aerodynamic  coefficients  were  used  in  these  analyses.  These 
analyses  indicated  that  neither  s!ore  flutter  nor  divergence  would  occur  within  the  flight 
envelope.  Static  load  amplification  in  yaw,  which  is  an  increase  in  aerodynamic  load 
resulting  from  aerodynamically  induced  deflection,  is  estimated  to  cause  not  more  than  a 
3%  increase  over  the  load  that  would  occur  on  a  rigid  iauncher/store  system. 

Flutter  and  divergence  assessment  was  made  in  pitch  and  yaw  on  the  basis  of  the 
relative  locations  of  store  c.g.,  elastic  axis,  and  aerodynamic  center.  The  captive  vehicle  was 
flutter  free  in  both  pitch  and  yaw  for  ail  flight  conditions.  For  all  pitch  and  yaw  cases 
except  in  the  yaw  degree  of  freedom  below  M  =  1.1,  the  aerodynamic  center  lay  aft  of  the 
elastic  axis  and  hence  divergence  could  not  occur.  For  M  =  1.1,  the  calculated  divergence 
dynamic  pressure  in  yaw  of  q  =  5000  psf  corresponded  to  more  than  twice  the  maximum 
captive  flight  speed.  Consequently,  based  on  this  analysis,  there  was  no  requirement  for 
flight  placards  due  either  to  flutter  or  divergence  of  the  captive  reentry  vehicle.  A  Ground 
Vibration  Test  (GVT)  of  the  Pedro-Recruit  installed  on  the  F-4J  was  conducted  at 
NAVAIRTESTCEN.  The  values  of  adapter  stiffness  and  elastic  axis  location  obtained  from 
the  GVT  verified  the  divergence  analysis.  In  addition,  the  GVT  results  verified  that  the 
captive  vehicle  natural  frequencies  did  not  coincide  with  major  airframe  structural  modes. 

Takeoff/Landing  Rotation  Restrictions 

Due  to  the  size  of  the  Pedro-Recruit  and  its  position  on  the  aircraft,  particular  pilot 
attention  to  pitch  attitude  during  takeoff  and  landing  is  required  to  ensure  rocket/ground 
clearance.  The  specification  landing  condition  1 10  fps  sink  rate/ 11  degrees  nose  up  pitch 
attitude)  for  a  46,000  pound  gross  weight  airplane  results  in  a  0.95  inch  ground  interference 
with  flat  main  landing  gear  tires  and  struts  in  lieu  of  the  6.0  inch  minimum  clearance  as 
provided  for  normal  fleet  operations.  It  was  deemed  improbable  that  these  landing 
parameters  would  occur  simultaneously.  From  flight  test  data,  it  was  recommended  that 
takeoffs  be  conducted  approximately  12  knots  faster  than  the  normal  recommended  speed 
(7  to  8  degrees  nose  up  pitch  attitude)  to  avoid  Pedro-Recruit  ground  contact  Takeoff  w:-- 
accomplished  with  half  flaps  and  combat  rated  thrust  The  technique  for  landing  wa 
minimum  sink  rate,  full  flaps,  8  knots  fast,  and  no  flare. 

Flying  Qualities 

The  MCAIR  aerodynamics  analysis  showed  that  in  the  longitudinal  axis  •' -i 
Pedro-Recruit  caused  an  aft  movement  of  the  Neutral  Point  of  less  than  1%  MAC 
subsonically  and  about  1.2%  MAC  supersonically.  Lateral-directional  stability  comparisons 
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of  the  airplane  with  and  without  the  Pedro-Recruit  were  made  at  Mach  numbers  of  1  1  13 
1.6,  and  2.0.  The  Pedro-Recruit  increased  the  combined  configuration  sideforce  and  rollira 
moment  coefficient  curve  slopes  and  nad  small  effect  on  yawing  moment  coefficient  The  4 
degree  nose  right  installation  of  th<-  jr are  on  the  aircraft  caused  ?  small  shift  in  the  sideforce 
yawing  and  rolling  moment  data  at  zero  sideslip  angle.  This  shift  was  well  within  the  lateral 
and  directional  trim  capability  of  the  airplane. 

Initial  flight  testing  was  conducted  on  F-4J  airplane  Bureau  Number  153077  Flvina 

qualities  tests  were  conducted  at  the  points  shown  in  figure  8. 


Figure  8 

Flying  Qualities  Test  Points 

.  ,  00  qualitative  pilot  opinion,  the  flying  qualities  were  essentially  the  same  as  the 

basic  F*4J  aircraft  with  no  external  stores.  Tests  were  conducted  SAS  ON  and  OFF  at  each 
of  the  test  conditions.  Wind  up  turns  were  limited  to  3  g  at  each  test  point  A  slight  amount 
of  rudder  trim  was  required  and  was  considered  to  be  of  no  significance.  The  Pedro-Recruit 
store  did  not  cause  aircraft  buffet  or  flutter  at  an/  of  the  conditions  tested. 

Separation  Behavior  Analysis 

i  that  the  rel8ase  000111,100  Programmed  for  the  Pedro-Recruit  rocket  (Mach 

1.35,  55,000  feet,  30°  nose  up  flight  path  angle)  was  far  outside  the  normal  F-4J  release 
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envelope  generated  some  concern  over  the  possible  separation  characteristics  ot  the  rocket 
from  the  airplane.  This  concern  was  reinforced  by  both  the  unorthodox  carriage 
configuration  (4°  yaw  with  respect  to  the  airplane  centerline)  and  the  deployable  fins  on 
the  vehicle.  Initial  analysis  showed  that  on  a  standard  day  the  Mach  1.35  release  at  55,000 
feet  corresponded  to  a  267  knot  equivalent  airspeed  and  a  dynamic  pressure  of  242  psf 
Based  on  the  low  dynamic  pressure  at  the  release  condition,  it  was  tentatively  concluded 
that  aerodynamic  effects  during  separation  would  not  be  significant  This  conclusion  was 
reinforced  by  the  highly  stable  characteristics  of  this  store.  Data  on  the  vehicle  (table  III) 
showed  that  the  center  of  pressure  in  the  pitch  axis  was  a  minimum  of  30.29  inches  aft  of 
the  center  of  gravity.  It  was  considered  that  the  resulting  high  stability  would  tend  to  keep 
the  store  at  a  >ow  angle  of  attack  and  thus  minimize  the  aerodynamic  effects  on  the  store 
separation  trajectory  even  in  the  presence  of  perturbations  generated  by  separation 
transients. 


Table  III 

Pedro/Recruit  Aerodynamic  Characteristics 


MjlLZ, 

CAo  = 

.564 

XC.G. 

CONDITION 

Cy 

XC.P.Y 

cz 

XC.P. 

/RAD 

IN.* 

/RAD 

IN.* 

Top  fins  fully  folded 

8.12 

234.50 

-18.14 

249.91 

Tcp  fins  half-deployed 

9.70 

239.05 

•16.55 

248.71 

Top  fins  fully  deployed 

12.12 

245.15 

•13.13 

245.15 

MjlM. 

CAoa 

.795 

XC-G.  - 

214.30  in* 

CONDITION 

Cy 

XC.P.y 

Cz 

XC.P.D 

/RAD 

IN.* 

/RAD 

IN,* 

Top  fins  fully  folded 

7.41 

231.29 

•15.17 

269.90 

Tan  fins  half-deployed 

8.64 

236.78 

•13.95 

249.39 

Top  fins  fully  deployed 

11.29 

244.57 

•11,29 

244.59 

The  reference  area  for  the  above  coeff  icienu  is  4.5082  sq.  ft 


*  Measured  from  the  nosetsp. 

Pedro  Recnjit  Aerodynamic  Characteristics 


783 


In  order  to  validate  these  order  of  magnitude  consideration  it  was  decided  to  conduct 
more  detailed  test  and  analysis  prior  to  the  first  actual  separation  test  flight.  The  lack  of  an 
available  store  separation  characteristic  prediction  program  tor  the  F-4J  containing  flow 
field  data  at  the  FLAME  release  conditions  led  to  the  decision  to  use  the  Captive  Trajectory 
System  (CTS)  at  AEDC,  Tullahoma,  Tennessee,  This  system  is  mounted  in  a  4  foot 
supersonic  continuous  flow  wind  tunnel.  A  model  of  the  F-4J  airplane  is  mounted  to  the 
tunnel  and  a  model  of  the  Pedro-Recruit  is  mounted  on  a  sting  balance.  The  sting  balance  is 
capable  of  measuring  three  forces  and  three  moments  on  the  Pedro-Recruit  model  {normal, 
side  and  longitudinal  forces,  roll,  pitch  and  yaw  moments)  and  is  itself  mounted  on  a 
positioner  capable  of  six  Degree  of  Freedom  (DOF)  movement.  The  model  was  initially 
placed  by  the  sting  positioner  in  the  captive  position  on  the  aircraft.  Forces  and  moments 
were  sensed  by  the  sting  and  input  to  a  hybrid  computer  which  solved  the  equations  of 
motion  for  one  time  increment  based  on  the  sensed  forces  and  moments  and  other  external 
inputs  such  as  launcher  ejection  characteristics.  The  sting  positioner  moved  the 
Pedro-Recruit  to  the  position  indicated  by  solution  of  these  equations  and  the  process  was 
repeated.  The  time  correlated  position  of  the  model  as  it  moved  through  the  flow  field 
yielded  an  estimate  of  the  actual  separation  characteristics  of  the  Pedro-Recruit  from  the 
aircraft. 

To  asses  not  only  the  expected  nominal  separation  characteristics  of  the  Pedro-Recruit 
but  also  the  sensitivity  of  these  characteristics  to  changes  in  the  Pedro-Recruit  physical 
characteristics  or  release  condition,  a  series  of  tests  was  made  in  which  each  of  these 
parameters  was  varied  about  the  expected  nominal  values  and  the  results  compared. 
Variations  investigated  included: 

a.  +5,000  feet  variation  from  the  55,000  foot  nominal. 

b.  Mach  Number  effects  at  1 .3  and  1 .6  Mach. 

e.  +10°  variation  from  the  30°  nominal  flight  path  release  angle. 

d.  Normal  acceleration  of  1.5g  and  2,0g  in  addition  to  the  nominal  .87g  release 
condition. 

e.  Ejector  force  of  zero  and  greater  than  that  expected  for  the  launcher, 

f.  Store  CG  variation  up  to  3  inches  aft  of  nominal. 

g.  Fins  deployed  and  not  deployed. 

The  model  of  the  Pedro-Recruit  used  in  the  AEDC  tunnel  did  not  have  movable  fins  to 
exactly  simulate  the  actual  vehicle.  However,  since  the  fins  are  folded  at  launch,  remain 
folded  during  the  first  500ms  of  the  separation,  and  since  the  folded  fin  presents  the 
maximum  C2  i  values,  a  launch  with  folded  fins  at  the  programmed  flight  condition  was 
used  as  t'nc  nominal  Case  during  these  tests.  The  results  of  two  of  the  test  tun*  are  presented 
in  figures  9  and  10.  As  can  be  seen  from  the  figures,  the  AEOC  CTS  data  indicated  that  the 
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separation  of  the  Pedro-Recruit  from  the  airplane  would  be  acceptable.  In  addition,  it  is 
interesting  to  note  that  when  the  predicted  vertical  displacement  of  the  Pedro-Recruit 
during  separation  is  compared  with  the  expression 

=  V0t  + 1  at 2 
2 

where  V0  ejector  end  of  stroke  velocity 
t  time 

a  normal  Acceleration  of  the  aircraft 

the  results  ere  found  to  be  extremely  close  (figure  11),  Since  the  above  expression 
represents  the  missile  m  a  ballistic  (non- aerodynamic)  environment,  the  hypothesis  that 
aerodynamic  effects  on  the  store  separation  trajectory  are  small  was  again  justified. 

The  order  of  magnitude  considerations  presented  above  and  the  supporting  separation 
trajectory  simulation  from  AE  DC  provided  sufficient  confidence  in  the  Pedro-Recruit 
separation  characteristics  for  N-AVAIRTESTCEM  to  recommend  that  NAVAIRSYSCOM 
issue  a  clearance  tor  die  actual  flight  test.  This  clearance  was  subsequently  issued  and  on  9 
October  1974  the  first  successful  inert  separation  test  was  conducted  at  the  Tonopah  Test 
Range.  Nevada.  Program  constraints  resulted  in  not'  having  sufficient  onboard  camera 
coverage  to  provide  an  accurate  measurement  of  the  actual  store  separation.  However,  what 
film  is  available,  both  onboard  and  chase,  indicates  that  qualitatively  the  separation 
similar  to  that  predicted  by  the  AEDC  tests. 
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PROJECT  FLAME 

F-4J/PEDR0  Recruit  Separation  Trajectory 
M  =  1.3  55,000  Ft  Altitude  30°  Flight  Path  Angle  {7) 

Fins  Undeployed  Zero  Ejector  Force 
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O 

X 


Initial  n,.  G't 
0.87 
1.50 
2.00 


Vutk-ai  UftUncc,  Z  -  It 
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Figure  10 

Predicted  Separation  Trajectories 
Zero  Ejection  Force 
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AEOC  CTS  DATA,  FINS  UNDEPLOYED,  S  rANDAftD  EJECTOR  FORCE  NZ=.87G 
AEOC  CTS  DATA,  FINS  UNDEPLOYED,  STANOARC  EJECTOR  FORCE  NZ=2.G< 
BALLISTIC  MODEL,  Nz  =  07G,  V0  =  887  FT/ SEC 
BALLISTIC  MODEL,  Nz  -  2.0G,  V0  =8  87  t-T/SEC 
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Figure  1 1A 

Ballistic  Model/Separation  Prediction  Comparison 
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Figure  1t8 

Bailistic  Model/Separation  Prediction  Comparison 


IMPLEMENTATION  OF  CONCEPT 


Following  the  successful  separation  of  the  inert  PedroRecruit  on  9  October  1974,  six 
live  rockets  were  successfully  released  during  the  period  4  February  1975  to  4  June  1975. 
Release  Mach  Number/Calibrated  Airspeed  varied  between  1.224/263  KCAS  and  1.366/323 
KCAS.  Release  altitude  varied  between  54,596  feet  and  56,031  feet  while  flight  path  angle 
varied  between  30  and  33  degrees  nose  up.  There  was  no  discernible  qualitative  effect  on 
separation  due  to  these  variations.  This  verified  the  relative  aerodynamic  insensitivity 
predicted  by  analysis. 

The  nominal  flight  profile  required  a  run-in  distance  of  approximately  100  miles  from 
the  start  of  the  maximum  afterburner  acceleration  run  from  0.9  Mach  number  at  40,000  ft 
to  the  release  condition  of  1 .35  Mach  number  at  55,000  ft  The  time  for  the  acceleration  to 
release  was  approximately  7.8  minutes.  A  2g  zoom  climb  maneuver  was  utilized  at  the 
maximum  energy  point  (1.68  Mach  number  at  45,000  ft)  to  attain  the  nominal  release 
point.  Rate  of  climb  at  release  was  approximately  30,000  ft  per  minute.  Altimeter  lag  was 
determined  to  be  approximately  2.8  seconds  at  55,000  ft  After  release,  the  pilot  deselected 
afterburner  and  initiated  a  gradual  pushover.  Due  to  the  momentum  remaining  in  the  zoom 
climb,  a  peak  altitude  of  about  72,000  ft  was  obtained  after  each  launch.  No  engine  stalls  or 
flameouts  were  encountered  during  the  conduct  of  these  tests. 

The  implementation  of  the  FLAME  concept  demonstrated  the  successful  use  of  store 
separation  prediction  techniques  to  safely  clear  a  new  stGre  in  a  portion  of  the  F-4J  flight 
envelope  where  store  separations  had  not  been  previously  conducted. 


AERODYNAMIC  CHARACTERISTICS 
OF  OPEN  WEAPON  BAYS 
ON  THE  B-l 
(U) 

(Article  UNCLASSIFIED) 
by 

R.  E.  Little 

B-l  Division,  Rockwell  International 
Los  Angeles,  California 


ABSTRACT.  (U)  The  effects  of  open  weapon  bays  ana  doors  on 
airplane  longitudinal  and  lateral-directional  stability  are  some  of  the 
many  design  parameters  required  on  all  aircraft  with  internal  weapon 
bays.  For  a  large  strategic  bomber,  such  as  the  B-l,  with  three  internal 
weapon  bays  and  mixed  weapon  loads  dispensed  at  subsonic  and  supersonic 
speeds,  the  definition  of  these  effects  on  aircraft  stability  involves 
many  variables  exercised  aver  a  wide  range. 

This  paper  presents  the  aerodynamic  forces  for  the  forward  and 
middle  weapon  bays  on  the  B-l  for  teach ‘ numbers  ranging  from  0.6  to  2.2. 
Data  are  based  on  wind  tunnel  tests  conducted  at  the  Rockwell 
International  TriQonie  Wind  Tunnel  facility,  using  an  0,0’jQ-seaie  model. 
Included  are  configuration  variables  such  as  bays  open  and  closed ,  with 
stored  AGN-69  (SRAM)  and  KK-82  UNAKKYE  weapons ,  as  well  as  launchers 
full  and  empty.  The  forces  and  momenta  measured  c«  the  weapon  bay  doors 
are  also  presented  for  two  separate  door  setting*  .  'j-half  and  full 
open.  Sehiieren  photographs  are  included  for  supersonic  each  numbers* 
showing  shock  wave  interaction  on  the  open  door  configurations. 


Approved  for  public  release;  distribution  unlimited 
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INTRODUCTION 


During  the  period  between  July  and  August  1972,  trisonic  wind 
tunnel  test  TWT-265  was  conducted  at  the  Rockwell  International  Trisonic 
Wind  Tunnel.  The  0.030-scale  B-l  weapon  separation  model  was  modified 
to  take  a  1-1/2  inch  force  balance.  Aerodynamic  forces  were  measured 
with  the  forward  and  middle  weapon  bays  open,  closed,  and  closed  with 
stub  doors.  Stored  weapon  configurations  included  the  SRAM  and  MK-82 
SNAKEYE.  A  total  of  83  blows  and  100  hours  were  used  to  obtain  these 
data. 


Forces  and  moments  were  measured  on  the  weapon  bay  doors  in 
conjunction  with  the  total  aerodynamic  forces  on  the  model.  The  weapon 
bay  door  loads  measured  during  this  test  supersede  the  data  collected 
in  earlier  tests  at  AEDC. 

This  paper  summarizes  results  and  analyzes  the  tests.  A  complete 
set  of  wind  tunnel  data  and  detailed  analysis  are  contained  in  Rockwell 
report  NA-72-1G02  (reference  l). 


SUMMARY 


Six  component  force  and  moment  coefficients  are  presented  for 
various  weapon  bay  configurations  at  roach  numbers  ranging  from  0.6  to 
2.2,  Left  and  right  door  loads,  torsion,  and  bending  moment  are  also 
presented  for  the  open  bay  configurations. 

It  should  be  noted  that  the  test' model  differs  from  the  actual  air 
vehicle  in  several  Important  respects.  The  outer  wing  panels  and  aft 
fuselage  are  truncated,  and  the  open  nacelles  are  overexpanded.  Con¬ 
sequently,  absolute  aerodynamic  data  cannot  be  compared  with  tail -off 
data  frem  representative  models,  The  purpose  of  this  test  was  to 
determine  the  incremental -effects  ©f  weapon  bay  doors,  open  bays,  and 
full  and  easpiy  launchers. 
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id  Sehl ieren  Photographs:  Mid  Doors  Half  Open,  Bay  Open 

and  Closed,  M  =  P.i* 
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LIST  OF  SYMBOLS 


Hymbo 1 


IV  f  i n i t i on 


Bomb  bay  door  width,  in. 


by 


Reference  wingspan,  in. 


c 

I) 


Drag  coefficient  positive  aft. 


C 


F 


Force  coefficient  on  left  (subscript  L)  and  righf 
(subscript  R)  bomb  bay  doors.  Positive  when  tending  to 
close  doors. 


'em 


e 

n 


Lift  coefficient,  positive  up 

Stability-axis  rolling  moment  coefficient,  positive  right 
roll 

Pitching  moment  coefficient  about  airplane  CG,  positive 
nose  up 

Coefficient  of  bending  moment  aoout  hinge-aide  edge  of 
loft  (subscript  L)  and  right  (subscript  H)  bomb  bay  doors 
Positive  when  doors  are  being  pushed  in  closing  direction 

Airplane  normal-force  coefficient,  positive  up 

Stability-axis  yawing  moment  coefficient,  positive  nose 
right. 

Center  of  pressure  in  spanwise  direction  on  left 
( subscript  L)  ana  right  (subscript  R)  bomb  bay  doors, 
expressed  as  a  fraction  of  door  width,  measured  free 
hinge  edge  of  door. 

Center  of  pressure  in  lengthwise  direction  on  left 
(subscript  l)  and  right  (subscript  ft)  bomb  bay  doors, 
expressed  as  a  fraction  of  door  length,  measured  frm 
l@a-*ln%  edge  of  door. 

Coefficient  of  torsienal  moment  about  leading  edge  of 
left  (subscript  L)  and  right  (subscript  R)  bomb  bay 
doors.  Positive  when  trailing  edge  tends  to  rotate 
i ttboard . 


7$5 


Jymbol 

cw 


h 

k 


D 

Mo 


t* 


D 

Sw 


a 

Bq 

* 

A 


Definition 

Airplane  reference  mean  aerodynamic  chord,  in. 

Airplane  aide-force  coefficient,  positive  right 

Load  at  gage  station  farthest  from  hinge  edge  on  left 
(subscript  L)  and  right  (subscript  H)  bomb  bay  doors. 
Positive  in  closing  direction,  lb. 

Load  at  gage  station  nearest  hinge  eoge  on  left 
(subscript  L)  and  right,  (subscript  H)  bomb  bay  doors. 
Positive  in  closing  direction,  lb. 

Moment  transfer  distance,  K  ,  to  hinge  edge  of  bomb  bay 
door,  in. 

Moment  transfer  distance,  ¥yt  to  hinge  edge  of  bomb  bay 
door,  in. 

Length  of  boob  bay  door,  in. 

Pree-stre&a  oaeh  number 

Pree-streso  dynamic  pressure,  esf 

Reynolds  number  per  foot  x  10_<> 

Saab  bay  doer  plan  area,  ft*' 

Airplane  reference  wing  area,  ft' 

Torsion*.}  ssoaent  ab^ut  torsi  or,  gage  axis  of  left 
(subscript  L)  and  right  (subscript  H)  bsr.b  bay  dwrs . 
Positive  when  tending  -  in  rotate  trailing  edg#  of  -4sor ' 

inboard,  in. -lb 

Angle  of  attack,  deg,  positive  not#  up 
ikmb  bay  door  opening  angle,  deg,  positive  Open 
Airplane  angle  of  yaw,  deg* ,  positive  nose  right 
Wing  Lx  sweep  angle,  deg,  positive  aft 
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Tne  primary  objective  of  this  tost  was  to  dt»temin«>  the  incremental 
»>}*:%-■, .-f.:!  [)t\  tirr  •iynttnie  characteristics  of  the  B-i  air  vehicle  caused  by 
the  weapon  buy  :oors  open  in  two  positions.  Other  objectives  include! 

I  solution  of  efi>-  -ta  du<*  to  doors  with  and  without  weapon  bay  cavity 
simulation.  {Initial  tests  performed  on  other  mode  la  were  with  "stub,'’ 
or  external,  mala  line  ioora.)  Also  sought  were  the  effects  c:  tb>- 
S8AM  launcher  configuration  full  and  empty,  and  door  loads  and  tr.or.ents 
for  the  open  bay  corifigurat ion. 


f'.e  »  %•  •  <*•*».  ft-,  m 


To  accomplish  the  stated  objectives,  the  0.03-scale  store  separa¬ 
tion  model  was  used  as  the  basic  vehicle.  Tit  is  model  had  the  required 
weapons  bay  geometry  ana  flexibility,  and  was  suitable  for  testing  at 
Hock veil* 3  Tri sonic  Wind  Tunnel  (TOT)  facility.  This  model  had  trun¬ 
cated  outer  wing  panels  and  aft  fuselage,  but  is  representative  of  the 
8-1  air  vehicle  in  the  area  of  the-  forward  and  mid  weapons  bays.  In 
order  to  read  air  vehicle  parameters,  it  was  necessary  to  install  a 
1-1/2  inch  force  balance  in  the  space  formed  by  the  aft  weapons  bay. 

The  doors  were  equipped  with  strain  gages  to  measure  the  door  loads  and 
monents. 


Figure  1  shows  the  *M  general  arrangement.  Figure  2  shows  the 
Q.030-scaie  model  modifications  far  this  test.  Figures  3  and  U  show 


the  model  installed  in  the  tunnel.  In  figure  3,  the  forward  bay  deers 
are  positioned  at,  the  half-open  position,  while  in  figure  l»,  the  for¬ 


ward  and  mid  bay  deers  are  full  open*  exposing  the  HK-Sg  SttAKttfl? 
Uun wherg  in  the  full  configuration.  The  and  M&-82  MNCKK 
iausichers  are  shown  in  figures  $  and  e. 


Since  the  normal  delivery  mode  for  the  8FAK  is  a  single  launch  with 
the  bay  dawrs  in  the  fcaif-epea  petition,  SPAM  delivery  simulation  was 
conducted  separately  for  the  forward  and  mid  bays.  The  internal  g .«■§««- 
try  was  simulated  with  a  9SUH  launcher  from  which  the  missiles  could  be 
removed  for  testing  of  the  effects  ef  full  and  empty  launchers,  Boors 
were  else  tested  with  the  weapons  buy  closed- off  to  show  the 
incremental  Toor  alone  effects. 
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'  CT.I- 


Figure  3.  B-L  Model,  Tunnel  Installation, 
Forward  Bay  Doors  Half  Open 


tWT  56&-JS 

Figure  1*.  B-i  Model ,  Forward  and  Mid  Bays  Full  Open, 
MK-&>  SHAKE YE  Launch* ra 
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rWT-265-2K 


Figure  5.  AOM-69  SRAM  Launcher,  0.030-Scale 


swr-ids-i , 


Figure  6.  Mh-82  SNAKKYE- Launcher,  0.030-Scale 
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The  multiple  launch  of  conventional  weapons  was  simulated  by 
testing  the  forward  and  mid  bays  together  with  the  doors  in  the  fully 
open  position.  Simulated  MK-82  SNAKEYE  launchers  were  installed  in  the 
bays.  The  conventional  weapon  investigation  was  limited  to  subsonic 
mach  numbers. 

This  test  was  conducted  at  mach  0.6,  0.85,  0.95»  1.2,  1.6,  and  2.2. 
Pitch  sweeps  of  -2  to  +10  degrees  were  run  at  yaw  angles  of  0  and  2 
degrees  for  all  mach  numbers ,  and  at  a  yaw  angle  of  5  degrees  for  mach 
0.85  and  2.2.  A  summary  of  the  test  conditions  is  shown  in  figure  7. 


DATA  REDUCTION 


Data  reduction  methods  followed  normal  TWT  procedures  and  are 
detailed  in  reference  2.  For  all  runs,  the  normal  six-component  aero¬ 
dynamic  data  were  read  as  functions  of  angle  of  attack  (pitch  sweeps). 

Reference  dimensions  used  for  data  reduction  are  given  in  table  I. 


DATA  ACCURACY 

Using  the  assumption  that  the  difference  in  wind-off  Keros  before 
and  after  each  blow  is  representative  of  data  repeatability,  95  percent 
of  all  data  will  repeat  within  the  limits  defined  in  table  II. 


Table  I 

DATA  REDUCTION  -  REFERENCE  DIMENSIONS 


Term 

Symbol 

Model  Seale 

Full  Scale 

Wing  area 

Sv 

1.751**  ft2 

1,9*16  ft? 

Wingspan 

bw 

*19.205  in. 

137  ft 

MAC 

ev 

5.522  in. 

15.3*i  ft 

Center  of  gravity 

CG 

FS29.636,  WP  0.600 

FS987.R 5 

Ray  door  area 

V 

Q.05J55  ft2 

39.5  ft8 

Ray  door  width 

bD 

1.1*55  in. 

*i8.5  in. 

Ray  door  length 

*'D 

5.300  in. 

176.7  in. 

Mom  trans  dial 

h 

0.650  in. 

lM*i 

Mom  tram;  diet 

K 

0.:?TS  in. 

— 

DYNAMIC 

PRESS. 

Q 

PSF.  '»200 


REYNOLD 

NUMBER 

Re 

io6/ft 


0.8  1.2 
MACH  NO. 


0.8  1.2 
MACH  NO. 


BAY 

CLOSE  92/90  I  \ 

- j _ 

OPEN  92/92^^_ 

CLOSE  63 

-Vr1- 

°mn  63jCV 

CLOSE  0 


_y\_  =  20°  -/L-  67.5' 


o  *o.(, 


0.8  1.2 

HACH  NO. 


0  FWD  BAY 
A  MIO  BAY 
Q  FWD  S  HID  BAY 
0  MT  IAU  FWD 


Figure  7.  Test  Conditions  -  Liuaaary 


Table  II 


DATA  ACCURACY  -  REPEATABILITY 


— 

Term 

Symbol 

r  r 

M  =  0.85 

M  =  2.2 

Normal  force 

cB 

0.00096 

0.00070 

Pitching  moment 

O.OQOt6 

0.00052 

Side  force 

CY 

0.00076 

0.00060 

Yawing  moment 

Cn 

0.00005 

0.00006 

Rolling  moment 

c  I 

0.00001 

*  0.00002 

Bay  door  force  {R ) 

V 

0.0088 

0.0081 

Bay  door  force  (L) 

V 

0.0113 

0.0076 

Bay  door  torsion  (R) 

C  R 

T 

D 

0.0013 

0.0013 

Bay  door  torsion  (L) 

ctl 

D 

0.0013 

0.0013 

Bay  door  bending  (R) 

V 

0.001*5 

0.0032 

Bay  door  bending  (L) 

V 

0.001*5 

0.0034 

METHODS  AND  ANALYSIS 


The  incremental  effects  on  the  air  vehicle  aerodynamic  parameters 
of  the  various  weapons  buy/door  configurations  are  summarised  in  fig¬ 
ures  8  through  l6.  These  incremental  effects  were  determined  by  sub¬ 
tracting  the  average  values  of  the  clean  configuration  parameters  for  an 
ongle-of-attaek  range  between  0  and  +5  degrees  from  like  values  for  the 
configuration  in  question.  These  relationships  are: 


ACn  »  On  -  Cn  .  DRAG 
D  Doper  “clean* 


ACL  “  %PEN  -  <W  ^ 


(1) 

(2) 
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PITCH  MOMENT 


(3) 


ACM  =  ''■‘‘OPEN  ”  CmCLEAN’ 

AC*  =  %PEN  “  C*CLEAN’  31DE  F0RCE  ^ 

AC  C nOPEN ”  C nCLEAN ’  *AW  M0MENT  (5) 

AC*  =  Cl OPEN  “  Ci CLEAN ’  R°LL  “ 

The  longitudinal  parameters,  ACq,  AC^,  and  AC^,  are  shown  as  a 
function  of  mach  number  in  figui'es  8,  9  and  10,  while  the  Lateral/ 
directional  parameters.  ACy,  ACn,  and  AC|,  are  shown  for  several  yaw 
angles  in  figures  11  through  15*  These  data  have  been  averaged  over  an 
angle-of-attack  range  from  0  to  +5  degrees. 

To  determine  the  incremental  stability  coefficient  of  the  doors  and 
bays,  with  respect  to  side  slip  angle,  the  following  relationships  were 
used : 


NOTE: 


^Cn^0PEN  "  ^n0^CLEAN 


(CVoPEN 


-  (Cn0PfeV  *  "  X  "  (Cn0PEN)  0-0 

l  *  =  X 


^C*VcLEAN 


(C^)x(-i) 

(c  )  -  (c  1 

nCLEAN  y  ■  X  "CLEAN  V  -  0 

<P  =  X 


AC .  » 

n0 


.  x-  (4C»>* 
t  =x 


-°  <-:> 

« 


where 


ACn  B  C«open  “  C«CLEAN 


NOTE:  "OPEN11  refers  to  any  selected  configuration  of  open  doors  or 
bays,  or  both. 
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V  *  1.546  FT2 

bw  -  137  FT 
cw  =  '5.3  FT 
CG  =  PS  987.85 

®  -  0°  •»  5® 
0=0° 


Bhm 

HMBSBfca 

■h 

BBoSbEb 


MACH  NO. 


"®  !!0W"t  “**«  W  Op..  1^3  . 


^  ^11  Launcher 


HACH  NO. 


HACK  NO. 


U.  Si4#  K&ree  suid  ^  «s  Ri  vard  ^ 

Hfclf  Open  ar-.d  pull  LauMeb^r 


$ 


0. 


2.0 


12. 


I.? 

NACM  K0, 


StSJ  1  (fig 

Fn}  * 


*  fk$apn%  fa# 


v.- 


rv'r',r-i  Half  - 


V  ■ '  •sk6  ”2 

b«  *  f  37  FT 
cw  =  15-3  FT 
a  ■  -  0  *  5 


o  0 

A  2 
a  5 


AC  =  C 

•  c 

>• 

1 

i 

> 

Pf*.  y  CLEAN 

MACH  HO 


Ar  =  r  -  C 

n  n  OPEN-  n  CLEAN 


■mnusss 

■MEM— 
■BUSH 


ACi  "  ci  OPEN  ’  cf  aos£0 


hach  no. 

Figure  13.  L*t~r*  21-3$ reciiofcau  Sffects  of  Ksa  S 
■#4  Stall  Launcher 

Kaif  C>^e« 

HACH  NO.  HACN  NO. 


Figure  15.  Lateral  Directional  Effects  of  Forward  and  Mid  Bay  ttoaro 
Full  0}<*i5  With  Full  Launcher  and  Bays  Closed 
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Similarly,  the  roll  and  side  force  coefficients  were  determined: 


ac^  - 


<act>  X  -  (AC1)  £.  0 
i>  =  x  ■ 


(-1) 


AC*  =  C^0PEN  "  C* 


AC, 


0 


CLEAN 


(Acy}  »=x  "  (AcV  V=  0 


$>  =  x 


(-1) 


(13) 

(14) 

(15) 


where 


AoY  Cy0PEN  "  CyCLEAN 


Plots  of  AC 


AC 


b 


and  AC  appear  in  figure  16. 


(16) 


n0  */? 

The  incremental  effects  due  to  sideslip  were  small  for  all  of  the 
configurations  tested.  When  the  data  accuracy  is  considered,  no  dis¬ 
tinction  in  static  stability  can  be  made  for  any  of  the  configurations 
with  bay  doors  set  at  63  degrees.  This  includes  the  SRAM  launcher  empty 
and  full.  With  both  forward  and  mid  bay  doors  set  at  92  degrees,  a 

small  difference  in  Cn  is  evident  between  bay  open  and  closed. 

P 


WKAPON  BAY  BOOR  LOADS 


A  summary  of  door  load  data  at  Of  =  0  is  shown  in  figures  XT  through 
?9  as  a  function  of  maeh  number.  Bata  recorded  throughout  the  angle-of- 
attuck  range  are  shown  in  reference  1.  Consistent  results  were  obtained, 
well  within  the  data  accuracies  quoted  in  table  1.  These  data  supersede 
weapon  bay  door  load  data  obtained  during  earlier  testing  at  AKDC. 

The  following  equations  are  statements  of  door  .loading  coefficients 
and  center  of  pressure.  The  equations  are  shown  for  the  left  door. 

Those  for  the  right  door  are  identical,  except  that  subscript  'V  is 
replaced  by  subscript  "R.M 

%  53  (Kil .♦  r^J/q  3u.  WK*  (it) 

I*  1  J 


8 1 6 


(18) 


CmDl  =  (WlL  +  kF2L)/q  SD  bp,  MOMENT 

(19) 

CpL  =  Cj^/Cp^,  CTR  PRESS.  (LONG.') 

(20) 

Cp_  s  Cmn  /°Fn  *  CTR  PRESS*  (SPAN) 

■^L  DL  DL 

(21) 

Weapon  bay  door  force  data  are  shown  in  figures  IT  through  2k, 
Center-of-pressure  data  appear  in  figures  25  through  29.  Instrumented 
doors  were  used  only  with  the  open  bay  configurations.  Door  force, 
torsional  moment ,  and  bending  moment  data  are  presented  for  left  and 
right  doors  to  show  the  effects  of  yaw  at  each  of  the  tested  mach 
numbers . 

Forward  bay  data  are  included  for  the  full  SRAM  launcher  over  the 
full  range  of  mach  numbers  and  for  the  empty  launcher  at  0.6  and  2.2. 

Mid  bay  doors  were  not  tested  at  mach  0.6  or  1.6. 

With  both  bays  open  and  the  doors  full  open,  the  data  are  shown  for 
the  forward  doors  only. 


FLOW  FIELD  PHOTOGRAPHS 


Schlieren  photographs  of  the  flow  field  were  taken  at  mach  1.6  and 
2.0.  A  series  of  pictures  was  taken  during  each  angle-of-attack  sweep. 
Figures  30  through  33  are  a  sampling,  shoving  each  configuration  with 
bays  open  and  closed. 
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Figure  17.  Forward  Weapon  Bay  Door  Loads,  Force  and  Torsion 


Figure  22.  Mid  Weapon  Bay  Door  Loads, Bight  Door  HaSi*  Open 
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■a 


5 R£F  -  59-5  FT 

bREF  ■  'S'S  I"- 

^REF  3  IN 

a  =  0 


HM 


0.6 

HACH  H 

Kid  We 


0  0 .  4  0.8  1.2  1.6  2.0  2.4 


0  0.4  0.8  1,2  1.6  2.0  2.4 

HACK  SO. 


Figure  2$.  Fervard  Venpm  Ss#  Door  Center  of  fissure.  Left  Door 
isaljf  Open 
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SREF  ■  5?'5 

FI2 

bREF  * w-5 

IN. 

'ref  ■  !76-' 

1  IN. 

SYM  a  \  ip 


2° 

2‘ 

5° 


iiiiiiimii 

■■■■■■■■■■■fij 


MACH  NO 


.2 

MACH  NO 4 

F-gure  SI.  Mid  Weapon  Bay  Door  Center  of  Pressure, Left  Door 
Kali'  Open 


**'  * 


LEFT  DOOR  FORWARD  BAY 


RIGHT  DOOR  FORWARD  BAY 


MACH  NO.  MACH  NO. 


Figure  29.  Forward  Weapon  Bay  Door  Center  of  Pressure.  Forward 
and  Mid  Bay  Full  Open 


BAY  CLOSED,  STUB  DOOR5 


Figure  31.  Schlierer.  Photographs:  Ftmird  Doors  Hair  Upon,  Bay  Open 

and  Closed  M  =  3,6 


i 
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igure  32.  Sehlieren  Photographs:  Forward  Doors  Half  Open,  Bay  Open 

and  Closed  M  =  2.2 
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CONCLUSIONS 


1.  The  general  conclusion  from  this  test  is  that  the  model  and  methods 
employed  sire  a  satisfactory  means  of  defining  the  incremental  effects 
on  air  vehicle  aerodynamic  characteristics  of  open  weapon  bays  and 
weapon  bay  doors. 

2.  The  basic  aerodynamic  incremental  data  follow  expected  trends,  with 
the  exception  of  the  incremental  rolling  moment.  Increasing  yaw 
angle  produces  positively  increasing  rolling  moment.  This  trend  is 
consistent  at  all  mach  numbers,  and  is  consistent  for  either  or  both 
bays  and  for  bays  open  or  bays  closed.  This  trend  suggests  that  the 
increment  in  side  force  acting  on  tne  doors  is  less  effective  in  roll 
than  the  interference  load  on  the  lower  surface  of  the  body  and  wing 
glove. 

3.  The  door  loads  data  show  logical  variations  with  mach  number  and  yaw 
angle. 

k.  The  longitudinal  stability  changes  due  to  all  open  bay  and  door 
configurations  are  negligible. 

5.  The  lateral  directional  stability  changes  due  to  all  open  bay  and 
door  configurations  are  either  small  or  negligible.  Forward  bay 
doors  show  an  incremental  directional  stability  loss,  while  the  mid 
doors  produce  a  negligible  effect. 
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RESULTS  OF  EXPERIMENTAL  AND  THEORETICAL  INVESTIGATIONS 


INTO  THE  MECHANISM  OF  MUTUAL  RETARDER  WAKE  INTERFERENCE 
BETWEEN  PAIRS  OF  RETARDED  lOOOLB  BOMBS 
(UNCLASSIFIED) 
by 

KEIIB  G.  SMITH 

Hunting  Engineering  Limited,  Anpthill,  England. 


ABSTRACT.  Results  of  experimental  and  theoretical  investigations 
into  the  mechanism  of  mutual  retarder  vake  interference  between  pairs 
of  retarded  10001b  bombs  have  been  presented.  Experimental  data  was 
obtained  from  releases  of  pairs  of  bombs  from  a  Buccaneer  Aircraft  and 
from  wind  tunnel  tests  >nducted  on  a  tandem  pair  of  /Qth  scale  model 
bombs.  A  mathematical  model  has  been  developed  and  its  validity 
established  using  the  wind  tunnel  data  to  simulate  flight  trial 
releases.  Subsequently  the  model  has  been  used  to  study  the  mutual 
interference  problem. 


"Approved  for  public  release;  distribution  unlimited." 
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INTRODUCTION 


During  1965  a  contract  was  placed  on  Hunting  Engineering  Limited 
to  assess  the  collision  risk  between  retarded  stores  as  it  was  thought 
that  store/store  collisions  could  present  a  safety  risk  to  the 
delivering  aircraft.  To  study  the  problem  a  comp\iter  simulation  model 
was  developed  capable  of  coping  with  the  large  number  of  parameters 
involved  in  the  assessment  of  collision/interference  probability. 

Results  of  initial  studies  using  the  simulation  model  did  not 
produce  the  degree  of  correlation  with  the  trials  results  that  was 
expected.  Reasons  for  the  rather  poor  correlation  were  attributed  to 

(i)  Lack  of  knowledge  of  the  phenomena  of  retarder  wake 
effects  and  its  association  with  release  disturbance 
effects 

(ii)  Unknown  accuracy  of  weapon  system  timing. 

In  1971  Hunting  Engineering  Limited  were  tasked  with  identifying 
the  above  problem  areas  by  initiating  trials  and  theoretical  studies 
necessary  to  provide  data  allowing  the  mechanism  of  store  to  store 
interference  to  he  defined.  With  the  dat~.  available  it  was  anticipated 
that  en  accurate  simulation  model  would  be  developed  for  use  in 
studying  the  interference  problem  on  current  "in  service'*  U.K.  aircraft. 

This  paper  concentrates  on  the  area  of  retarder  wake  interference 
effects  and  the  association  with  release  disturbance. 


RETARDER  SHIELDING  TRIALS 

At  the  start  of  the  study  the  only  trials  data  available  was  that 
for  "stick"  releases  of  the  retarded  10001b  bomb  from  the  Vulcan  and 
Canberra  aircraft.  These  data  were  of  a  very  limited  nature  and 
consisted  of  only  high  speed  cine  records.  Flight  trials  were  therefore 
initiated  using  all  the  necessary  range  equipment  to  provide  data 
required. 

To  study  the  more  fundamental  nature  of  the  interference  problem  a 
series  of  vind  tunnel  trials  using  a  tandem  pair  of  stores  was 
initiated.  It  was  anticipated  that  the  results  of  wind  tunnel  trials 
would  be  used  in  mathematic*!  modelling  studies  simulating  tha  flight 
trial  releases. 
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FLIGHT  TRIALS 


The  Buccaneer  Aircraft  vas  selected  as  the  trials  aircraft  because 
of  its  availability,  the  relatively  close  spacing  of  stores  carried  in 
the  boob  bay  and  its  well  known  performance  capabilities.  Store 
releases  were  planned  to  be  made  from  ail  four  boob  bay  positions,  two 
pairs  being  released  per  sortie.  However,  due  to  the  mod.  state  of  the 
aircraft*  it  was  only  possible  to  carry  two  stores  per  sortie.  The 
carriage  positions  in  the  bomb  bay  and  the  release  order  (nominal)  are 
illustrated  in  figure  1, 

Using  kinetheodolite  results  obtained  from  previously  conducted 
clearance  trials,  the  effects  of  release  disturbance  on  the  movement  of 
the  stores  in  both  the  vertical  and  lateral  planes  was  derived.  This 
data,  together  with  nominal  aircraft  weapon  system  timing  data,  was  used 
in  the  simple  simulation  model  to  predict  probabilities  of  store  to 
store  collision  for  a  release  speed  of  450kns  E.A.S.  as  a  function  of 
stick  interval  and  release  positions,  see  table  I. 

TABLE  I  PROBABILITY  OF  STORE-STORE  COLLISION 
(RELEASE  SPEED  450KNS  E.A.S.) 


DT?Tl>ACT?  DnCT'TtaMC 

STICK  INTERVAL  (s) 

JUiliMDa  JrUoiiiuiid 

0.06 

0.15 

0.25 

5-6 

94* 

47$ 

5* 

7-8 

9256 

44$ 

5* 

Based  on  the  predicted  probabilities  presented  in  table  I  a  stick 
interval  of  0.150s  was  selected  for  initial  trial  releases  from  stations 
5  and  6, 

Prior  to  the  commencement  of  the  trials,  discussions  were  held  with 
the  range  authorities  to  establish  range  instrumentation  requirements 
and  stress  the  importance  of  obtaining  the  required  data. 

Initial  trials  were  conducted  with  a  stick  interval  of  0.150s 
(nominal)  and  in  the  first  five  trials  severe  interference  between 
stores  was  observed.  On  examination  of  the  data  the  actual  stick 
interval  was  found  to  be  0.144s.  In  further  trials  it  was  decided  to 
increase  the  stick  interval  to  a  nominal  0.180s.  To  achieve  this 
interval  without  modifications  to  the  aircraft  electrical  system  it  was 
necessary  for  the  releases  to  be  made  from  bomb  bay  stations  5  and  8 
(i.e.  from  '’in  line”  stations).  Results  obtained  from  these  releases 
indicated  with  the  nominal  0.130s  interval  little  or  no  interference 


s  , 


between  stores.  Further  examination  of  the  data  confirmed  the  actual 
interval  to  be  0.176s. 

To  investigate  the  effect  of  the  nominal  0.180s  interval  for 
releases  from  stations  5  and  6  it  was  necessary  to  modify  the  aircraft 
electrical  system.  The  results  obtained  for  this  release  order 
confirmed  the  results  previously  obtained  for  releases  from  stations  5 
and  8,  i.e.  insignificant  interference.  Finally,  for  completeness, 
releases  from  "in  line"  stations  5  and  8  were  made  with  a  nominal  stick 
interval  of  0.150s  and  serious  interference  effects  were  observed. 

The  flight  trial  results  indicated  the  interference  effects 
between  the  stores  to  be  very  sensitive  to  stick  interval  i.e.  severe 
interference  at  0,144s,  little  interference  at  0.176a.  It  was 
therefore  not  possible  to  deduce  data  from  these  trials  to  help  the 
development  of  a  realistic  mathematical  simulation  model. 

In  an  attempt  to  obtain  reasonable  amounts  of  "capture" 
(interference)  between  pairs  of  stores  a  further  six  trials  were 
conducted  with  nominal  stick  intervals  of  0.160s  and  0.170s.  For  these 
trials  actual  stick  intervals,  based  on  the  earlier  trials  evidence,  of 
0.154s  and  0,l66s  were  expected.  However,  actual  intervals  measured  in 
the  trials  were  0.010s  less  than  those  expected. 


WIND  TUNNEL  TRIALS 

These  trials  vere  initiated  to  obtain  a  more  fundamental  under¬ 
standing  of  the  interference  effects  between  retarded  10001b  stores. 

The  trials  were  programmed  for  the  9ft  x  8ft  transonic  wind  tunnel  of 
the  Aircraft  Research  Association  at  Bedford. 

To  obtain  the  interference  effects  in  the  wind  tunnel  it  was 
proposed  to  use  a  fixed  model  bomb  and  another,  forward  bomb  suppurted 
on  a  mechanism  to  vary  lateral  displacement.  The  forward  boob  could  be 
mounted  at  different  axial  stations  so  that  the  effect  of  separation 
might  be  measured  on  the  rear  bomb  in  terms  of  drag  loss,  normal  force 
and  pitching  moment.  An  independent  variation  of  incidence  of  the  rear 
bomb  was  designed  into  the  support  system  so  that  rear  bomb  stability 
as  a  function  of  its  proximity  to  the  wake  could  be  investigated. 

A  number  of  difficulties  wore  envisaged  at  the  outset,  the  most 
important  being  how  closely  the  stores  should  be  modelled  with  regard 
to  the  fabric  parts  of  the  retarder;  whether  loads  could  be  measured 
sufficiently  accurately  on  the  rear  bomb  immersed  or  partly  immersed  in 
the  wake  of  the  front  bomb;  and  wither  it  would  he  possible  to  support 
the  front  bomb  by  a  simple  tow  wire  to  allow  easy  adjustment  of  the 
separation  between  them.  If  relatively  accurate  retarder  parts  were 
considered  necessary,  there  vere  doubts  about  the  life  of  the 
necessarily  sma’l  scale  components. 
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The  rear  bomb  had  to  be  carried  on  a  balance  capable  of  measuring 
unusually  high  drag  in  relation  to  pitching  moment  and  lift,  and 
supported  on  a  system  capable  of  relatively  large  incidence  and 
vertical  traverses.  The  arrangement  in  the  tunnel  allowed  two 
rotations  about  different  points  approximately  40n  apart,  thus  vertical 
movement  of  up  to  20M  and  angles  of  up  to  20°  were  possible  in 
reasonable  combinations . 

The  initial,  development,  tests  were  conducted  using  a  rear  bomb 
in  isolation.  Following  minor  changes,  the  program  of  trials  was 
completed  without  serious  difficulty. 

Model  Details 


The  models  of  the  retarded  10001b  bomb  were  made  vith  the  retarder 
canopy  extended,  and  with  the  arms  able  to  sving  radially,  between  30° 
and  70°,  restrained  by  strops  as  in  the  full  size  retarder.  Although 
basically  similar,  the  front  model  had  arrangements  for  support  via  a 
fM  dia.  rod  entering  the  nose,  while  the  rear  bomb  was  carried  on  a 
balance  from  behind. 

The  bomb  central  tube  on  which  the  fins  are  carried  and  from  which 
the  arms  supporting  the  retarder  canopy  pivot,  was  too  small  to  allow 
a  balance  to  be  contained  within,  so  this  part  was  extended  rearwards 
and  increased  in  diameter  to  fit  the  taper  joint  of  an  existing  1" 
diameter  balance. 

The  representation  of  the  canopy  was  based  on  the  full  scale 
configuration,  and  was  accurate  regarding  the  number  of  ribbons, 
porosity,  shape  and  rigging  lines,  and  was  constructed  from  wide 
ribbons  (representing  2”  full  size  ribbons)  but  no  serious  attempt  was 
made  to  simulate  the  gore  stiffness*  The  scale  using  this  material 
Bhould  thus  be  f  full  size. 

Confidence  in  the  model  canopy,  which  was  designed  and  manufactured 
by  Irvin  GB  Ltd  was  demonstrated  in  a  preliminary  test  made  vith  the 
rear  bomb  in  isolation.  The  prototype  parachute  canopy  and  its 
attachments  to  the  am  were  found  generally  satisfactory  and  fev 
modifications  were  required,  also  the  tecta  shoved  that  the  life  to  be 
expected  vas  at  least  if  hours,  outside  the  vake.  During  the  main  test 
program,  the  rear  model  canopy  repeatedly  suffered  minor  damage,  the 
forward  canopy  was  changed  twice  but  remaiaed  undamaged. 

The  front  bomb  -  rear  bomb  separation  vaa  limited  to  87*  because 
of  the  incidence  and  height  mechanism  which  bad  to  be  attached  to  a 
joint  on  the  standard  complete  model  cart.  The  support  for  the  front 
bomb  vas  a  swept -forward  strut  carried  on  a  remove able  perforated  floor 
•head  of  the  aedel  cart,  allowing  all  model  rigging  to  be  done  outside 
the  tunnel.  Axial  separation  distances  of  about  A  body, lengths  (fcC)  to 
lot  were  required,  indicating  a  scale  of  approximately  /.nth  would  be 
necessary.  However,  it  was  required  to  match  estimated  drag  to  the 
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performance  of  an  existing  balance,  and  to  use  as  large  a  model  as 
possible  to  allov  detailed. bomb  components  to  be  manufactured  more 
easily.  Thus  a  compromise  scale  of  /qth  vas  chosen  allowing 
separation  distances  of  up  to  9f  and  permitting  the  use  of  V  ribbons 
to  be  representative  of  2"  full  size  ribbons.  The  assembled  rear  bomb 
is  shown  in  figure  2. 


When  at  maximum  separation  (9f  and  8.4f)  the  front  bomb  was 
supported  on  a  solid  rod,  (see  figure  3)  but  the  fatigue  of  this  became 
unacceptable  when  the  rod  exceeded  about  3  bomb  lengths,  due  to  the 
model  responding  to  the  rough  flow  in  the  wake.  For  the  7i.  separation 
ratio  tests,  therefore,  a  20001b  multistranded  steel  wire  was  used  but 
this  broke  after  about  10  minutes  at  a  Mach  number  of  0.8,  fortunately 
only  destroying  the  front  bomb,  (the  drag  of  which  does  not  exceed 
2001b.).  Next  a  nylon  braided  line  of  9001b.  capability  was  used,  but 
again  the  first  bomb  was  lost  after  f  hour,  the  failures  occurring  at 
the  ferrule  within  the  model  nose,  apparently  by  fatigue  in  the  wire 
and  from  the  generation  of  heat  in  the  nylon  from  flexing.  Although 
the  bomb  was  highly  stable  about  the  nose  tow  point,  clearly  towing 
from  further  ahead  would  be  necessary  to  avoid  further  failure  and  all 
subsequent  tests  were  made  using  a  tube  (with  inserted  high  tensile 
wire  as  a  safety  device  in  case  of  tube  failure)  suspended  on  the  joint 
at  the  strut  to  restrict  the  bending  moment  developed  at  that  point. 
Varying  tube  lengths  positioned  the  front  bomb  at  separation  ratios  of 
6,  3  and  4  body  lengths  and  no  further  trouble  was  experienced  in  the 
tunnel  tests. 


Test  Program 

The  range  of  height  of  the  rear  bomb  above  the  front  was  varied 
from  0  to  2  body  lengths  (2QM)  the  incidence  limits  were  +15°  and 
separation  ratios  between  9  and  4  body  lengths  and  of  course  an  infinity 
case  i.e.  the  rear  bomb  in  isolation.  Results  of  5  components  from  the 
balance  were  obtained  on  the  rear  bomb,  axial  force,  normal  force, 
pitching  moment,  side  force  and  yawing  moment,  the  lateral  components 
being  recorded  ea  a  check  on  the  synmetry  of  the  bomb  and  showed  to  be 
a  useful  indication  of  parachute  damage.  The  tests  were  made  at  Mach 
numbers  of  0.6,  0.7  and  0.8. 

The  aerodynamic  characteristics,  axial  force,  normal  force  and 
pitching  moment  were  also  obtained  for  the  isolated  bomb  so  that 
interference  effects  acting  on  the  rear  bond*  when  within  the  diffused 
wake  of  the  forward  bomb*  could  be  isolated.  All  aerodynamic  forces  and 
momenta  were  non-dimensional ised  using  the  bomb  body  cross  sectional 
area  and  its  diameter,  the  moment  reference  position  being  47.5$  of 
body  length. 
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Fig.  2  The  Assembled  Rear  Bomb 


Fig. 3  The  Tandem  Bombs  Mounted  in 
the  Transonic  Wind  Tunnel 


Wind  Tunnel  Testg 


The  testg  were  conducted  in  the  Aircraft  Research  Association 
9ft  x  8ft  transonic  wind  tunnel  which  has  a  20$  (approximately)  open 
area  perforated  walls,  the  rear  model  being  carried  on  a  complete  model 
cart,  the  front  support  strut  on  the  perforated  make-up  cart. 

The  solid  blockage  of  the  models,  separately  or  together,  was 
negligible  and  the  wake  blockage  was  considered  to  be  small  enough  to 
have  a  negligible  effect  on  thg  tunnel  velocity.  The  total  drag  area 
(Qt-S)  was  approximately  0.3ft  ,  or  less  than  0.5$  of  tunnel  cross- 
sectional  area.  This  value  did  not  require  any  corrections  to  be 
applied  to  the  reference  pressures,  particularly  in  a  tunnel  of  this 
description.  All  tests  were  conducted  at  atmospheric  stagnation 
pressure . 

The  rough  flow  in  the  wake  from  the  front  canopy  created  very 
unsteady  readings  on  the  rear  bomb  balance,  but  the  tunnel 
instrumentation  had  the  provision  of  averaging  the  readings  over 
approximately  a  second  and  no  other  special  measures  were  taken. 
Nevertheless,  at  separation  ratios  less  than  6  and  small  lateral 
offsets,  the  rough  flow  was  responsible  for  a  lot  of  damage  to  the  rear 
canopy,  some  of  which  may  not  have  been  noticed  before  the  damage 
became  severe.  The  results  were  therefore  carefully  scanned  for 
non-xero  lateral  readings  and  other  peculiarities;  and  suppressed  if 
doubtful . 

Data  Reduction 


Calculation  of  rear  model  incidence  and  lateral  offset  is  made 
from  the  relationships! 

(l) 

,BC-  lo  —  Stm‘0c'*,32,57S*«C^c.'+'®&^G3s^L  (2) 

The  sign  convention  and  symbols  used  are  defined  in  figure  k. 

Direct  measurement  at  each  test  point  shoved  the  incidence  to  be 
within  0.25  *  and  offset  within  0,3***  the  repeatability  was  within  Q.2M 
or  2$  of  body  length. 

The  base  pressure  in  the  balance  cavity  under  the  shroud  was  used 
to  correct  axial  force  to  free-streaa  static  pressure.  The  pressure 
immediately  behind  the  rear  canopy  was  also  measured  as  e sac  doubt 
existed  whether  the  bluff  assembly  support  might  affect  canopy  drag. 
Additional  tests  with  a  blockage  created  by  a  6*  diameter  plate  mounted 
on  the  sting  (see  figure  5)  showed  that  neither  the  canopy  pressure  u«r 
drag  waa  affected  when  the  plate  was  moved  over  a  range  of  9*  to  16* 
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Fig.4  Wind  Tunnel  Sign  Convention  and  Definition  of  Symbols 


Fig.  5  Blockage  Plate  Me  unted 
to  Determine  Bouyancy  Effects 


behind  the  canopy.  It  was  therefore  concluded  that  the  support  system 
did  not  introduce  spurious  effects  on  the  drag  due  to  the  buoyancy 
effect. 


ANALYSIS  OF  RETARDER  SHIELDING  TRIALS 


FLIGHT  TRIALS 


The  data  obtained  from  the  trials  generally  related  to  situations 
where  either  severe  interference  or  relatively  little  interference 
occurred  between  the  stores.  Analysis  of  the  kinetheodolite  and  high 
speed  cine  records  did  not  permit  data  relating  specifically  to  the 
problem  of  store-store  interference  to  be  deduced.  However,  data  was 
obtained  which  could  subsequently  be  used  in  an  attempt  to  validate  the 
mathematical  model  to  be  developed  for  simulating  interference  effects. 
The  results  from  the  flight  trials  shoved  the  interference  effects  to 
be  very  sensitive  to  stick  interval  and  that  it  could  possibly  be  of  a 
"step  function"  nature.  The  results  also  indicated  that  the 
mathematical  simulation  model  to  be  developed  must  be  capable  of 
dealing  with  parameters  such  as  release  disturbance  effects,  weapon 
system  timing,  variations  in  bomb  to  boob  parameters,  etc. 

A  summary  of  the  flight  trial  releases  is  presented  in  table  II. 


WIND  TUNNEL  TRIALS 


Basically,  two  distinct  sets  of  wind  tunnel  data  were  available 
for  analysis;  isolated  bomb  data  (i.e.  infinite  axial  separation)  and 
"in  wake"  bomb  data.  In  the  analysis  of  the  data  it  was  necessary  to 
make  an  attempt  to  reduce  the  mnber  of  dependent  variables  (because  of 
excessive  table  "look  up"  time  in  the  mathematical  model)  by  replacing 
them  with  empirical  expressions.  The  other  aspect  of  the  data  analysis 
was  an  attempt  to  see  if  the  aerodynamic  data  could  possibly  explain 
the  phenomena  observed  in  flight  trial  releases.  The  sign  convention 
for  the  aerodynamic  coefficients  together  with  geometric  definitions 
are  presented  in  figure  6, 

Frce-Stream  Characteristics 


For  a  symmetrical  configuration  the  aerodynamic  characteristics 
*hould  be  symmetrical  for  positive  and  negative  incidences  about  their 
respective  axes* 

the  "raw"  values  of  drag  area  C*$  required  only  a  small  axial 
shift  in  order  to  obtain  symmetry*  The  wind  tunnel  values  of  C*S  were 
scaled  by  a  factor  of  1.26  to  match  drag  areas  obtained  from  foil  scale 
flight  trials.  An  empirical  expression  has  been  derived  for  the  drag 
"area  in  terms  of  incidence  (jc),  the  variation  with  Jtsch  So.  over  the 
range  tested  was  negligible*  This  expression  is  presented  in  figure  7, 
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Pig.7  Free-Stream  Aerodynamic  Coefficients 


and  graphically  together  with  wind  tunnel  results  in  figure  8.  The 
empirical  expression  prorides  an  accurate  representation  of  the  tunnel 
results  to  within  +1.5^. 

Similarly  the  normal  force  Qg  results  required  only  a  small  axial 
shift  to  provide  symmetry}  the  empirical  expression  assumed  to  be 
independent  of  Mach  No.  is  presented  in  figure  7  and  graphically  in 
figure  9-  Figure  9  shows  the  empirical  expression  to  provide  an 
accurate  representation  of  the  wind  tunnel  results. 

The  raw  data  for  the  pitching  moment  coefficient  were  puzzling 
in  as  much  that  at  zero  incidence  a  considerable  positive  moment  existed. 
Whether  this  anomaly  was  due  to  apparent  mass  effects  at  high  speed  or 
model  misalignments/osc illations  is  not  known.  However,  whatever  the 
cause,  the  raw  Gw  data  were  adjusted  to  be  symnetrical  about  zero 
Incidence.  The  empirical  expression  for  this  coefficient  (assumed  to 
be  independent  of  Mach  No.)  is  presented  in  figure  7  and  graphically  in 
figure  10.  It  can  be  seen  that  the  empirical  expression  provides  an 
accurate  representation  of  ihe  tunnel  results. 

Wake  Characteristics 


Measured  forces  and  moments  acting  on  the  rear  model  bomb  in  the 
■wake  of  the  forward  bomb  are  expected  to  have  a  lower  order  of  accuracy 
compared  to  those  obtained  in  free  stream  conditions.  Basically  these 
errors  arise  from 

(i)  Forward  bomb  oscillations 

(ii)  Turbulent  wake  effects 

(iii) Bomb  damage  and  oscillations. 

Maximum  errors  are  expected  to  occur  for  zero  offset  (11  =-•  0)  where 
maximum  turbulence  would  he  encountered.  In  general,  the  raw  data  for 
C*  reflect  these  errors  to  their  maximum  extent  and  a  more  detailed 
analysis  of  these  results  is  necessary. 

As  in  the  free-stream  analysis,  large  positive  values  of  Cm  were 
observed  at  zero  incidence,  the  magnitude  of  these  errors  tending  to 
decrease  with  increasing  longitudinal  separation.  The  raw  data  of 
C*S,Ci4  and  G*  at  zero  offset  were  adjusted  to  be  symmetrical  for 
positive  and  negative  incidences.  Any  errors  that  may  exist  in  the 
rav  data  for  offsets  other  than  zero  cannot  be  estimated  and 
consequently  were  left  unadjusted.  The  only  method  of  eliminating 
these  possible  errors  would  have  been  to  obtaiu  results  for  negative 
offsets  (i.c,  H<0)  and  for  the  present  test  arrangement  results  for 
negative  offsets  would  have  included  effects  due  to  forward  bomb 
mounting  interference. 
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Fig.9  Comparison  Between  Wind  Tunnel  Results  and  Empirical  Fit  of 

Free-Stream  Normal  Force  Coefficient 


In  order  to  reduce  the  amount  of  data  input  to  the  mathematical 
simulation  model  (developed  concurrently  with  the  analysis)  empirical 
expressions  have  been  derived  thereby  reducing  the  dimensions  of  "look 
up”  tables. 

The  axial  drag  area  coefficient  C*S  was  the  most  amenable  for 
reduction  and  the  dependents  Mach  No.,  Hand  incidence oC  were  replaced 
by  an  empirical  expression,  thereby  reducing  a  4-dimensional  to  a 
2-dimensional  table  “look  up”.  The  empirical  expression  is  presented 
in  table  III.  A  typical  comparison  of  empirical  expressions  and  the 
raw  data  (scaled  by  a  factor  of  1.26)  are  presented  in  figure  12. 
Although  the  empirical  fits  are  not  as  accurate  as  those  for  the 
isolated  bomb  characteristics,  the  errors  lie  within  +8j£. 

Because  of  the  somewhat  irregular  behaviour  of  the  normal  force 
(C^)  and  pitching  moment  (C^  coefficients  it  has  been  possible  to 
remove  only  one  parameter,  Mach  No.,  by  the  substitution  of  empirical 
expressions  thereby  reducing  the  two  4-dimensional  “look  up"  tables  to 
two  3**din>ensional  tables.  The  empirical  expressions  are  presented  in 
figure  11  and  the  "look  up”  tables  are  presented  in  fables  TV  and  V. 
Graphical  comparisons  between  empirical  expressions  and  raw  Cw  and  Cg\ 
data  are  presented  in  figures  13  and  14  respectively. 

The  tables  present  the  exact  raw  data  values  of  C*j  and  Cm  f°r 
M  =  0.7  and  consequently  the  data  presented  graphically  relate  to 
M  =  0.7.  In  general,  the  empirical  expressions  are  leas  accurate  at 
the  high  Mach  No.  of  0.&  As  this  loss  of  accuracy  was  unavoidable, 
it  was  decided  that  the  majority  of  the  inaccuracy  should  occur  at  the 
highest  Mach  No.  tested. 

Additional  Remarks 


The  value  of  offset  (ll)  is  measured  perpendicular  from  the  velocity 
vector  of  the  forward  bomb  and  the  centre  of  gravity  of  the  rear  bomb. 
This  effectively  implies  that  the  attitude  of  the  forward  bomb  does  not 
adversely  affect  the  wake  characteristics.  In  view  of  the  assail 
amplitude  oscillatory  motion  of  the  forward  bomb  (resulting  from  its 
very  stable  configuration)  this  assumption  is  thought  to  be  justifiable. 

An  amount  of  uncertainty  arises  in  the  prediction  of  the 
effective  wake  boundary.  The  regions  of  this  boundary  may  be  estimated 
by  examination  of  tables  Ill,  IV  and  V,  At  aero  incidence  the  values 
of  Cw  and  should  tend  to  xero  as  the  offset  (ll)  approaches  the 
effective  wake  boundary.  The  tables  indicate  that  at  W  «  10,9  body 
diameters  (d)  the  coefficients  tend  to  xero  for  all  axis)  separations 
(h).  Searing  in  mind  the  turbulent  nature  of  the  wake  and  that  no  data 
is  currently  available  for  H>10,9d,  it  was  considered  that  the  t>4t 
the  effective  wake  boundary  occurs  at  H  »  +10. 9d.  For  values  of  L<£4( 
the  wake  boundary  has  been  assumed  to  have" the  form  of  a  tangent  ogive 
and  at  L  =  0,  li  has  the  value  of  D,  the  canopy  diameter  (see  below). 


(3) 


Hy  =  -37.4  +  (1880  -  53.8(1 y  f  +  430LJ,/  ¥  (ft) 

'  L  '  L 

f  or  0  l^f<  4  ' 

=  6  (ft)  for  >  4  (4) 

L 

■where  is  radial  offset  of  wake  boundary  (ft) 

L_/  is  number  of  body  lengths  separation  between  bombs 
'L  (see  figure  15) 

No  aerodynamic  data  are  currently  available  for  Mach  Nos  below 
0.6.  At  these  Mach  Nos  the  bomb  is  in  the  incompressible  flow  regime 
and  consequently  the  coefficients  are  assumed  to  correspond  to  those 
obtained  at  M=0.6.  Extrapolation  of  data  above  M=0.8  is  not 
recomnended;  the  probability  of  operational  use  above  this  Mach  No. 
is  unlikely  and  when  it  does  occur  the  high  retardation  experienced 
will  reduce  the  Mach  No.  rapidly. 

Typical  examples  of  the  wind  tunnel  results  for  the  "in  wake" 
axial  force,  normal  force  and  pitching  moment  coefficients  are 
presented  in  figures  12,  15  and  14  respectively.  The  data  presented 
in  these  figures  are  for  a  Mach  No.  of  0.7  and  an  axial  separation 
distance  of  7  body  lengths,  and  shows  the  variation  of  the  coefficients 
with  lateral  offset  and  incidence.  The  important  points  to  notice  in 
figure  12  is  how  the  drag  reduces  and  the  "hollow"  at  zero  incidence 
disappears  with  decreasing  lateral  offset.  It  i s  therefore  clear  that 
in  flight  the  rear  bomb  will  have  a  reduced  drag  and  will  close 
relative  to  the  forward  bomb  particularly  if  at  a  uon-xero  offset. 

The  significant  curves  are  the  pitching  moment  variation  with 
incidence,  offset  and  axial  separation.  Figure  14  shows  the  variation 
for  an  axial  separation  of  7  bomb  lengths  and  shows  how  the  pitching 
moment  curve  changes  slope  as  offset  distance  decreases. 

At  relatively  large  offsets,  the  sense  of  the  pitching  moment  is 
always  stable  (to  reduce  incidence),  but  as  the  offset  reduces  to  a 
critical  value  which  is  associated  with  the  canopy  entering  the  edge 
of  the  wake,  the  pitching  moment  tends  to  become  unstable.  This 
instability  results  in  m  increase  in  bomb  incidence  together  with  an 
increase  in  lift  force  which  is  directed  towards  the  wake  central  axis. 
In  flight  a  form  of  "lock  in"  therefore  takes  place  as  the  rear  bomb 
approaches  the  wake  centre,  the  pitching  moment  and  lift  force 
driving  the  bomb  towards  the  centre  of  the  wake  reduce  and  reverse  as 
the  bomb  moves  into  the  other  half  of  the  wake.  Meanwhile  the  rear 
bomb  closes  on  the  front  bomb  because  of  the  reduction  in  drag,  and 
collision  between  the  bombs  is  Almost  inevitable. 
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TABLE  IV  NORMAL  FORCE  COEFFICIENT  COMPONENT 


M=0. 7 


H 

-15° 

o 

o 

H 

1 

-5° 

0° 

+5° 

+10° 

♦15° 

mm 

-1.94 

-1.14 

-0.55 

0 

+0.55 

+1.14 

+1.94 

2.18d 

-2.97 

-2.37 

-1.77 

-1.16 

-0.56 

0 

+0.57 

4.36d 

-2.28 

-1.52 

-1.03 

-0.64 

-0.25 

+0.20 

+0.88 

6.54d 

-1.82 

-1.15 

-0.77 

-0.28 

+0.02 

♦0.53 

+1.34 

8.72d 

-1.45 

-0.75 

-0.45 

-0.27 

+0.11 

+O.63 

+1.47 

10.90d 

-1.08 

-0.35 

-0.13 

-0.10 

+0.10 

- 

+0.68 

+1.97 

0 

-1.97 

-1.13 

-0.50 

0 

+0.50 

+1.13 

+1.97 

2.18d 

-2.95 

-2.28 

-1.6S 

-1.12 

-0.55 

+0.15 

♦0.85 

4.36d 

-2.14 

-1.62 

-1.12 

-0.62 

-0.15 

♦0.48 

♦1.30 

6.54d 

-1.91 

-1.22 

-0.80 

-0.45 

+0.05 

+0.79 

♦1.65 

8.72d 

-1.77 

-0.87 

-0.57 

-0.36 

+0.11 

♦0.82 

♦1.64 

10.90d 

-1.63 

-0.52 

-0.3*. 

-0.25 

+0.11 

♦0.84 

+1.66 

0 

-1.81 

-1.01 

-0.47 

0 

+0.47 

+1.01 

♦1.81 

2.18d 

-2.56 

-1.90 

-1.34 

-0.80 

-0.2o 

+0.35 

+0.95 

4.36d 

-2.34 

-1.78 

-1.13 

-0.75 

-0.38 

+0.20 

♦0.96 

6.54d 

-1.95 

-1.21 

-0.80 

-0.45 

-0.10 

+O.65 

+1.52 

8.72d 

-1.62 

—0,82 

-0.52 

-0.40 

+0.05 

+0.73 

+1.55 

10.90d 

-1.29 

-0.44 

-0.24 

0.0 

+0.05 

+0.77 

♦1.59 

n 

-1.28 

-0.70 

-0.30 

0 

♦0.50 

♦0.70 

♦1.28 

2.18d 

-1.65 

-1.06 

-0.65 

-.0.30 

+0.05 

♦0.40 

+0.93 

4.36d 

-1.78 

-1.20 

-0.71 

0-55 

-0.02 

♦0.31 

♦0.88 

6*54d 

-1.50 

-0.91 

-0.50 

0.17 

-0.10 

♦0.50 

♦1.12 

8.72d 

—1 . 18 

-0.58 

-0.28 

-0.17 

♦0.08 

♦O.63 

♦1.25 

10.90d 

-0.86 

-0.25 

-0.06 

-0.05 

+0.08 

♦0.6a 

+1.30 

0 

-1.59 

-0,89 

-0.40 

0 

♦0,40 

♦0,89 

♦1.59 

2.  ied 

-1,97 

-1.22 

-0.74 

-0,33 

♦0.53 

♦1.19 

4,36d 

-2.02 

-1.55 

-0.82 

-0.45 

-0,10 

♦0,38 

♦1,04 

6.54d 

-1.70 

—1 .06 

-0.58 

-0,30 

-0,05 

♦0.52 

♦1,29 

8,72d 

-1.50 

-0.86 

-0.36 

-0.21 

♦0.15 

♦0.68 

+1.41 

10,90d 

-1,30 

-0.66 

-0.14 

-o.ii 

+0,18 

♦0.77 

♦1.50 

0 

-1.28 

-0,64 

-0.05 

0 

♦0.05 

♦0.64 

♦1.28 

2. 18d 

-1.28 

-0.64 

-0.05 

0 

♦0.05 

♦0.64 

♦1,28 

4.56a 

-1.28 

-0.64 

-0.05 

0 

♦0.05 

♦0.64 

♦1,28 

e.54d 

-1.28 

-0.64 

-0,05 

0 

♦0.05 

♦0.64 

♦1.28 

8.72d 

-1*28 

-0.64 

-0,05 

0 

♦0.05 

♦0.64 

♦1.28 

I0.90d 

-1.28 

-0.64 

-0.0$ 

0 

. 

♦0.05 

♦0.64 

♦1.23 
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Fig.11  Wake  Aerodynamic  Coefficients 
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Wake  Norma!  Force  Coefficient 
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Raw  ComparisonBetween  Wind  T M  Results  and  EmpHcal  R, 

Wake  Pitching  Moment  Coefficient 


Examination  of  the  basic  wind  tunnel  data  has  allowed  the  above 
motion  of  the  rear  bomb  to  be  derived,  subsequently  the  mathematical 
model  will  be  used  to  demonstrate  this  motion,  which  is  typical  of 
that  observed  under  certain  conditions  in  flight  trials. 


MATHEMATICAL  MODEL 

Aerodynamic  data  obtained  from  the  tandem  wind  tunnel  tests  were 
restricted  to  the  plane  containing  the  longitudinal  axes  of  the  two 
bombs  and  the  incidence  plane  of  the  rear  bomb.  Consequently,  it  was 
necessary  to  consider  a  3-Degree  of  Freedom  mathematical  model  to 
investigate  the  interference  effects  between  the  two  bombs.  The 
equations  of  motion  representing  this  type  of  motion  are  of  the 
standard  form  and  therefore  do  not  justify  discussion  here.  However, 
the  wake  characteristics  are  of  a  more  complex  nature  and  are  discussed 
below. 

WAKE  MODEL 

The  wake  emanating  from  the  forward  bomb  is  assumed  to  be 
enclosed  within  a  physical  boundary  that  is  symmetrically  distributed 
about  the  flight  path  of  the  forward  bomb.  This  inherently  assumes 
that  the  local  angle  of  incidence  of  the  forward  bomb  to  its  flight 
path  does  not  significantly  alter  the  wake  characteristics.  In  view 
of  the  small  amplitude  oscillation  achieved  by  the  highly  stable 
forward  bomb-  this  is  considered  to  be  a  reasonable  assumption.  The 
physical  wa'  e  •■oundary  is  presented  in  figure  15.  As  the  program 
determines  the  relative  locations  of  the  centres  of  gravity  of  the 
bombs,  the  effective  wake  boundary  is  defined  as  the  addition  of  the 
physical  wake  boundary  and  a  canopy  radius  (i.e.  if  +  R  then  the 

rearward  bomb  is  considered  to  be  in  the  wake  of  the  forward  bomb), 

WAKE  INTERFERENCE 

This  paragraph  describes  the  manner  in  which  the  "in  wake" 
aerodynamic  data  are  selected  and  used  in  determination  of  the  overall 
forces  and  moments. 

To  reduce  the  amount  of  "look  up"  data  mirror  image  symmetry  about 
the  wake  central  axis  has  been  assumed.  Wind  tunnel  data  for  the  rear 
bomb  was  restricted  to  the  upper  section  of  the  wake  only  (negative  H 
as  shown  in  figure  15),  positive  incidence  being  nose  up.  In  the  upper 
section  of  the  wake  the  incidence  is  considered  to  be  the  angle  between 
the  rear  bomb  longitudinal  axis  and  the  wake  central  axis  (oC  =  o6»  +$•, 
see  figure  15).  Clearly,  if  the  bomb  has  the  same  spacial  positive 
incidence  but  is  in  the  lower  section  of  the  wake  (positive  H  as  shown 
in  figure  15)  it  is  necessary  to  consider  the  incidence  to  be  negative, 
use  the  "look  up"  tables  and  finally  reverse  the  signs  of  the  normal 
force  and  pitching  moment  coefficients  obtained. 
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Flight  Direction 


Coefficient  Notation 


As  tile  wir’d  tunnel  data  G r§  measurements  of  the  mutual  interference 
characteristics  between  two  relatively  Station, ary  Lambs,  it  is  becG’ffp&ry 
to  explain  the  procedure  used  in  tljjs  program  w J*”b  a  differential 
velocity  exists.  The  aerodynamic  coefficients  for  the  bomb  are 

found  from  the  "look  up"  tables  using  the  Mac})  Wo.  of  the  forward  bomb, 
the  incidence  of  the  rear  bomb  (i.e.  the  angles  between  the  rear  bomb 
longitudinal  axis  and  the  forward  bomb  instantaneous  flight  path),  the 
lateral  offset  and  the  longitudinal  offset.  The  forces  and  moments 
are  then  derived  using  the  velocity  of  the  rear  bomb  and  free  stream 
parameters.  Although  it  is  conceded  that  loss  of  accuracy  may  be 
introduced  by  using  this  method,  it  is  likely  to  be  small  compared  with 
the  loss  in  accuracy  dufi  to  the  errors  in  the  wind  tunnel  data, 

MODEL  LIMITATIONS 


As  the  amount  of  aerodynamic  data  is  limited  it  has  been  necessary 
to  extrapolate  the  range  of  sonje  of  the  coefficient  dependents  within 
the  program.  The  Mach  Nos.  at  which  ^efficients  were  derived  were 
0.6,  0.7  and  0.8.  The  data  reduction,  described  earliej;  necessitated 
a  loss  of  accuracy  si  the  wake  coefficients  for  fi-O.-B.  Whilst  the 
program  will  extrapolate  data  fur  M>0.8,  it  is  evident  that  a 
considerable  loss  of  accuracy  in  the  determination  of  t!*e  coefficients 
may  be  incurred.  However,  this  loss  of  accuracy  will  occur  for  only  a 
short  period  of  the  total  flight  time  as  the  retardation  during  this 
period  will  be  large.  For  M<0.6  the  bomb  is  considered  to  be  ip  the 
incompressible  flow  regime  pod  consequently  the  coefficients  are  found 
by  using  the  "look  up"  tables  for  M=0.6,  The  incidence  range  for  which 
data  are  known  is  +15  .  The  program  will  extrapolate  the  incidence 
range  to  +50  beyond  which  the  program  will  be  terminated. 

The  longitudinal  separation  range  over  which  measured  wake 
interference  characteristics  are  available  is  from  L  =  to  L  =  9f. 

It  is  apparent  at  L  =  9f.  the  data  are  tending  towards  those  obtained 
for  free  stream  conditions.  An  arbitrary  separation  distance  of 
L  =  20 £  at  which  the  data  reach  free  stream  conditions  lias  been 
incorporated  into  the  program.  For  separation  distances  less  than 
L  =  4  t  ,  the  shape  of  the  wake  boundary  is  assumed  to  be  that  of  a 
tangent  ogive  (see  figure  15)  and  within  this  region  aerodynamic  data 
are  unknown.  The  program,  however,  determines  the  data  in  this  region 
assximing  that  they  correspond  to  those  for  L  =  4^;  the  value  of  II  used 
is  determined  by  factorising  the  physical  offset  (i.e.  distance  between 
flight  direction  of  forward  bomb  and  the  nearest  extremity  of  the 
canopy  of  the  rearward  bomb)  by  15/*.^. 

It  is  probable  that  the  rigid  wake  boundary  assumed  to  be 
generated  at  the  instant  of  retarder  deployment  will  not  truly 
represent  the  actual.  This  boundary  and  the  data  therein,  will  be 
influenced  by  oscillations  of  the  forward  bomb.  In  the  absence  of 
further  data  the  maximum  wake  boundary  is  defined  by  the  extreme 
lateral  offset  tested. 
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Provision  has  also  been  made  in  the  program  for  the  input  of  store 
carriage  loads  and  local  flow  field  effects  when  they  became  available. 

Under  some  circumstances,  the  rear  bomb  can  lie  within  the  wake  of 
the  forward  bomb  at  the  instant  of  deployment  of  the  forward  bomb. 

When  this  situation  occurs,  the  rear  bomb  experiences  an  instantaneous 
change  in  effective  incidence  which  can  be  so  rapid  such  that  the 
numerical  integration  procedure  can  become  "unstable". 

MATHEMATICAL  MODELLING 

INITIAL  SIMULATIONS 

Data  available  from  the  initial  flight  trials  Nos  1-12  related 
to  situations  where  either  severe  or  little  interference  between  bombs 
occurred.  Releases  where  severe  interference  occurred  were  considered 
not  suitable  for  simulation  purposes  and  effort  was  concentrated  on 
simulating  the  other  trials.  As  o  typical  example  of  the  simulations, 
the  results  of  trial  number  9  are  discussed. 

For  trial  number  9  the  "stick"  interval  beWsen  bombs  released 
from  stations  5  and  6  in  the  Buccaneer  bomb  bay  was  0.177s.  The 
longitudinal  and  lateral  separations  between  booh  centre  of  gravity 
positions  were  8ft  and  2ft  respectively,  bomb  1  being  forward  of 
bomb  2.  Currently,  because3  of  ©dynamic  d&ta  limitations,  the 
simulation  model  is  restricted  to  a  single  j>2nne,  thus  the  lateral 
separation  ves  ignored  in  this  simulation.  Although  the  nominal 
ejection  velocities  of  tlf*e  bomiw  ver^  known  from  Available  data,  the 
actual  equivalent  ejection  velocities  are  dependent  upon  local  flow 
field  effects  around!  the  bomb  bay.  Althovagh  the  aiggiatton  model  is 
capable  of  accepting  flow  field  effects  they  ar"  nofe  currently  known 
for  this  environment,  However,  analysis  of  the  teinethpoden! ite  data 
allowed  equivalent  ejection  velocities  to  be  derived  far  each  bomb 
such  that  their  relative  spacial  positions  at  vetarder  deployment  wer^ 
correct.  The  velocities  for  the  1st  and  2nd  bombe  released  were 
14.25  and  13.45fi/sec,  respectively.  Also;  associated  with  each  bomb 
were  initial  nose  down  pitch  rates  of  0.6  radians/ sec- 

Comparing  tho  interference  free  bomb  trajectories,  the  predicted 
f orward  range  is  2640ft.,  the  corresponding  trial  result  wa®  2590ft,. 

The  flight  trial  results  also  show  a  lateral  drift  of  110ft  indicating 
significant  wind  effects  which  my  account  for  the  discrepancy  in 
range  values.  The  nominal  difference  between  ground  impact  positions 
of  the  two  bombs,  associated  with  the  aircraft  release  parameters 
should  have  been  124ft.,  the  observed  positions  were  separated  by  89ft. 
Using  the  simulation  model  a  difference  in  ground  impact  positions  of 
87ft  waG  predicted  indicating  that  reduction  due  to  wake  effects 
("capture")  had  occurred. 
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The  simulation  shoved  for  this  example,  that  at  the  instant  of 
deployment  of  the  2nd  bomb,  the  1st  bomb  vas  vertically  below  it  and 
subsequently  moved  into  the  wake  of  bomb  2.  When  the  1st  bomb  enters 
the  wake  the  predicted  longitudinal  separation  vas  Lj,  =  0.76  and  vken 
it  finally  leaves  the  vake  L^  =  6.1 6.  It  is  therefore  evident  that 
for  the  major  part  of  the  "in  vake"  trajectory  the  aerodynamic 
characteristics  of  the  1st  bomb  are  obtained  from  Severe  extrapolations 
of  wind  tunnel  data.  Clearly,  for  this  example,  the  good  agreement 
obtained  between  predicted  and  trial  results  indicates  the  vake 
boundary  and  internal  wake  characteristics  within  this  separation 
range  to  have  been  accurately  defined. 

FINAL  SIMULATIONS 


As  previously  stated  trials  Nos.  14  -  19  were  conducted  with 
nominal  stick  intervals  intermediate  to  those  used  in  trials  Nos. 

1  -  12. 

In  trials  Nos.  15  and  16  severe  interference  between  bombs  wbb 
observed,  whilst  in  trial  No.  14  only  a  small  amount  of  interference 
was  observed.  Of  these  trials,  Nos.  14  and  15  were  interesting  as 
they  had  similar  ejection  velocities,  stick  intervals,  retarder 
deployment  and  inflation  times,  yet  trial  No.  14  shoved  little 
interference  and  No.  15  shoved  severe  interference.  Examination  of 
kinetheodolite  data  showed  that  for  trial  No.  14  the  aircraft  had  a 
relatively  large  component  of  vertical  velocity  (+18.5ft/sec)  at 
bomb  release. 

To  simulate  these  trials  using  the  mathematical  model  it  was 
necessary  to  determine  the  correct  special  attitude  of  the  boirbg  at 
release;  for  each  bomb  this  vas  assumed  to  be  along  the  flight  path 
of  the  aircraft  as  the  aircraft’s  incidence  to  its  own  flight  path 
was  not  known.  The  simulation  results  are  shown  in  figures  lf>  and  17 
for  trials  Nos.  14  and  15  respectively,  and  confirm  the  aircraft  rate 
of  climb  to  dramatically  influence  the  subsequent  relative  motion  of 
the  two  bombs  and  must  therefore  be  considered  as  another  variable 
within  the  system.  The  computed  ground  spacing  between  the  two  bombs 
showed  good  agreement  ( 105ft  c.f.  110ft). 

Of  the  remaining  trials  (Nos.  17,  18  and  19)  only  No.  19  proved 
to  he  amenable  to  a  complete  analysis.  Attempts  wore  mai'e  to  simulate 
the  releases  in  trial  No.  17,  however  the  simulations  indicated  a 
large  degree  of  "capture"  between  bombs  which  was  not  observed  in  the 
trial.  Analysis  of  the  kinetheodolite  data  showed  a  lateral  spacing 
between  bombs  at  retarder  deployment  of  8ft.  This  lateral  separation, 
which  cannot  currently  he  simulated  by  the  model  is  the  reason  why  no 
"capture"  was  predicted.  The  trajectory  data  obtained  for  the  2nd 
bomb,  which  receives  no  wake  interference  was  simulated.  The  results 
obtained  confirmed  the  adequacy  cf  the  model  for  simulating  interference 
free  bomb  trajectories. 
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Fig-16  Comparison  of  Simulated 
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Fig.17  Comparison  of  Simulated  and  Trial  Trajectories  of  Trial  Mo.15 


The  most  interesting  trial  from  the  interference  viewpoint  was 
trial  No,  19,  where  both  bomb  9^  were  observed  to  impact  in  similar 
positions  suggesting  complete  capture.  The  simulation  of  the 
trajectories  of  the  two  bombs  for  this  trial  also  indicated  a 
significant  amount  of 'capture,  the  trial  and  simulated  trajectories 
being  presented  in  figure  18,  Kinetheodolite  data  for  the  trial 
shows  that  collision  between  the  two  bombs  had  not  occurred  before 
impact.  However,  the  separation  between  the  bombs  was  decreasing, 
suggesting  that  if  the  release  height  had  been  greater  collision 
would  ultimately  have  occurred.  The  results  of  the  simulations 
confirmed  the  kinetheodolite  results. 

COMMENTS 

Using  the  measured  aerodynamic  data  in  the  mathematical  model  to 
simulate  the  flight  trials  has  generally  produced  very  good  comparisons 
for  a  wide  range  of  initial  conditions.  It  is  therefore  concluded  that 
the  mathematical  model  developed  to  simulate  the  wake  interference 
effect?  between  pairs  of  retarded  10001b  bombs  has  been  validated. 

The  model  has  been  used  to  illustrate  the  behaviour  of  the 
rearward  bomb  whilst  in  the  wake  of  the  forward  bomb.  Assuming  the 
ejection  velocities  of  both  bombs  to  be  14  ft/sec,  the  deployment 
times  to  be  0.84secs.  and  the  stick  interval  to  be  O.lhOsecs,  a 
condition  for  complete  “capture*  wa9  defined.  The  results  of  this 
simulation  are  presented  in  figure  19.  This  figure  shows  that  the  rear 
bomb  (the  1st  bomb  released)  moves  into  the  lower  section  of  the  wake 
of  the  forward  bomb  with  the  longitudinal  separation  increasing,  is 
"captured"  into  the  upper  section  of  the  wake,  the  differential 
velocity  decreasing  as  the  bomb  moves  across  the  woke  central  axis, 
and  finally  closes  up  on  the  forward  bomb.  The  effective  “build  up" 
of  incidence  of  the  rear  bomb  is  such  that  at  6.6  seconds  it  exceeds 
the  bounds  of  the  program  (>50  )  and  collision  between  the  two  bombs 
is  unavoidable.  This  type  of  motion  of  the  rear  bomb  as  it  approaches 
the  forward  bomb  simulates  the  type  of  motion  that  has  been  observed 
in  flight  trials  and  previously  predicted  from  examination  of  the  wind 
tunnel  results. 

The  simulation  also  demonstrates  that  under  certain  re louse 
conditions  the  interference  effects  between  the  two  bomba  is  of  a 
malignant  nature  and  ultimate  collision  is  unavoidable. 

CONCLUSIONS 

The  experimental  data  obtained  together  with  the  theoretical 
studies  completed  have  considerably  increased  the  understanding  of  the 
mechanism  of  mutual  retarder  wake  interference  effects  between  pairs 
of  retarded  10001 b  bombs. 
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Fig.18  Comparison  of  Simulated  and  Trial  Trajectories  of  Trial  IMo.19 


picai  Wake  Motion 


Flight  trials  conducted  during  the  study  have  indicated  that 
mutual  interference  betveen  pairs  of  bombs  to  be  extremely  sensitive 
to  "stick"  spacing  and  aircraft  conditions  at  release. 

Wind  tunnel  data  obtained  from  tests  of  a  tandem  pair  of  model 
bombs  has  confirmed  the  possibility  of  "capture"  between  bombs,  as 
observed  in  flight  trials,  and  under  certain  circumstances  the ‘capture'' 
can  be  of  a  malignant  nature. 

A  3-Degree  of  Freedom  computer  simulation  model  has  been 
developed  and  using  the  wind  tunnel  data  for  simulation  of  flight  trials 
good  agreement  has  been  achieved,  thus  indicating  it?-  validity. 

The  simulation  model  considers  only  tvo  bombs  and  restricts  their 
motion  to  a  single  plane.  Developments  are  currently  in  progress 
extending  the  motion  of  the  bombs  to  tvo  planes. 

Studies  in  progress  using  the  simulation  model  and  wind  tunnel 
data  are  currently  orientated  towards  shoving  the  effect  of  carriage 
loads  and  moments  and  their  decay  vitb  distance  belov  the  aircraft,  on 
the  mutual  interference  problem. 
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THE  EFFECTS  OP  MODEL  STORE  DISTORTION  ON  RELEASE  DISTURBANCE 
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ABSTRACT.  In  the  simulation  of  full-scale  release  of  stores  in  the 
wind  tunnel  vsing  a  captive  store  trajectory  system  errors  can  arise  due  to 
the  pre  .,nce  of  the  supporting  sting  and  the  consequent  distortion  of  the 
rear  end  of  model.  A  boat-tail  bomb  ha3  been  tested  at  1/5  scale  in  the 
wind  trni.ej.  w:.tn  various  after  body  distortions  similar  to  those  needed  to 
accommodate  a  sting  on  a  smaller  1/12  scale  CTS  model.  A  range  of  tail  spans 
have  also  been  tested  to  see  whether  a  store  design  could  be  found  with 
aerodynamic  properties  akin  to  those  of  the  orginal  store.  A  comparison  is 
made  of  the  aerodynamic  characteristics  and  it  is  shown  that  the  requirements 
for  matching  LIk  longitudinal, lateral  and  rolling  derivatives  are  all 
different. 

Measurements  were  then  made  of  the  in-carriage  loads  on  a  l/l2  scale  model 
store  on  the  inboard  shoulder  of  a  triple  carrier  carried  on  the  inboard 
pylon  of  a  F4K  aircraft,  using  an  internal  balance  supported  through  the 
carrier.  The  effects  of  after  body  distortion  and  of  the  presence  of  the 
sting  were  also  measured.  Noticeable  differences  were  observed  particularly 
in  the  yawing  moment.  Some  tests  were  also  made  to  investigate  the  effect  on 
a  measured  load  of  small  variations  in  the  detailed  design  of  the  aircraft 
installation  which  show  that  quite  large  changes  in  carriage  load3  can  arise 
from  small  geometrical  changes. 

The  significance  of  errors  in  the  aerodynamic  representation  of  a  store  can 
only  be  assessed  by  considering  their  effect  on  the  store  release  disturbance 
and  trajectory.  Hence,  theoretical  estimates  are  made  of  the  effect  of  model 
distortion  on  the  trajectory  of  the  store  for  a  given  release  condition. 
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Store  shapes  tested# 

Changes  in  isolated  store  loads  due  to  tailspan  M0.9;*320°. 

Changes  in  isolated  store  loads  due  to  distortions  M0.9;as20°. 

Changes  in  carriage  loads  due  to  distortion  with  and  without 
sting  MO. 9. 

Effect  of  sway  braces  and  slots;  centreline  store  MO. 9. 

Comparison  of  carriage  loads  measured  in  different  tunnels  M0.9* 

Comparison  of  predicted  and  full-scale  release  disturbance  at 
450  kn  (centreline  store). 

Effect  of  distortion  on  forward  throw  (centreline  3tore). 

Effect  of  distortion  on  release  disturbance  M0«9;«Cp  0: 3  p  5 
(shoulder  store).  * 


NOMENCLATURE 
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CH 
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4p 

4.9 

0P 
6 

®0 
*3 
*8 
014 

112,  113?  114) 
214 
314 

114  3 


Rolling-moment  coefficient  for  store,  positive  stb  side  down 
rolling  moment/qSd. 

Pitching— moment  coefficient  for  store,  positive  nose  up 
pitching  moment/qSd. 

Yawing  moment  coefficient  for  store,  positive  nose  inwards  or 
nose  to  starboard;  yawing  moment/qSd. 

Normal  force  coefficient  for  store,  positive  upwards  normal 
force/qS. 

S:.de  force  coefficient  for  store,  positive  inwards  or  to  stb 
side  force/qS. 

Maximum  diameter  of  store. 

Free-stream  Mach  number. 

Maximum  cross-section  of  store, -ird2/4. 

Incidence  angle  of  parent  aircraft,  degrees. 

Incidence  angle  of  store,  degrees. 

Sideslip  angle  of  parent  aircraft,  degrees. 

Increment  compared  with  undistorted  store. 

Pitch  angle  of  store,  degrees. 

Roll  angle  of  fin  of  3tore  from  vertical,  degrees. 

Yaw  angle  of  store,  degrees. 

Undistorted  store. 


^  Distorted  stores  -  see  figure  1, 

Distorted  store  in  presence  of  clumsy  sting. 
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INTRODUCTION 


In  the  UK  we  have  been  evaluating  the  significance  of  possible  sources 
of  error  in  the  design  and  use  of  captive  3tore  trajectory  systems, 
prior  to  making  a  rig  of  our  own  for  use  in  the  8’  x  9*  transonic  wind- 
tunnel  at  ARA  and  the  8'  x  8'  subsonic/ supersonic  tunnel  at  RAE.  This 
size  of  working  section  permits  us  to  test  at  about  Q%  scale  and  inevitably 
distortions  to  accommodate  the  support  sting  will  arise  on  stores  with  a 
small  base  area.  Hence  wind-tunnel  tests  have  been  made,  firstly  to 
determine  the  effects  of  these  distortions  and  secondly,  to  see  whether  small 
modifications  at  the  rear  of  the  store  could  be  devised  to  restore  the  tail 
effectiveness.  Such  a  store  should  then  behave  reasonably  correctly  in  a 
curved  flow  field  under  an  aircraft. 

ISOLATED  STORE  TESTS 


TEST  PROGRAMME 

Tests  were  first  made  on  a  store  in  isolation  in  order  to  determine  the 
effects  of  possible  rear  end  distortions  on  the  free-air  performance  of  the 
store.  Wind-tunnel  testing  has  been  confined  to  a  typical  bomb  shape,  since 
the  fin-boat-tail  configuration  poses  severe  problems  in  fitting  a  support 
system  of  adequate  strength  and  rigidity  without  introducing  too  much  dis¬ 
tortion,  Models  were  made  at  20 $  scale  to  enable  minimal  support  systems 
to  be  tested.  Figure  1  shows  the  basic  store,  designated  by  0  followed  by 
14,  indicating  a  fin  span  of  1.4  diameters.  The  first  distortion  ha3  a 
cylindrical  section  over  the  fin  base  to  accommodate  the  preferred  diameter 
of  sting  for  use  at  8$  scale.  This  model  was  also  tested  with  fin  spans  of 
1,2  and  1.3  diameters.  The  second  variant  is  designed  to  take  the  smallest 
diameter  fin  deemed  to  be  feasible.  The  last  distortion  retains  a  shortened 
tail-cone  and  extends  the  parallel  body  section  to  preserve  the  same  tail  arm. 
These  models  were  tested  over  a  range  of  Mach  numbers  up  to  1.2,  varying  both 
incidence  and  roll  angle  but  the  comparisons  made  here  are  only  for  a  Mach 
number  of  0.9  and  an  incidence  of  20  degrees.  The  differences  noted  are 
approximately  proportional  to  incidence,  while  the  effects  of  Kadi  number, 
although  significant,  do  not  affect  the  general  conclusions. 

EFFECT  OF  TAILSPAN 

The  effect  of  changing  the  tail  span  on  the  store  with  •  1  winds 

is  the  preferred  distortion  from  design  consideration,  is  shown  in  figure  2, 
Here  we  have  plotted  the  incremental  differences  from  the  values  of  loads 
on  the  undi storied  store.  It  con  be  seen  that  there  is  a  significant  trend 
with  roll  angle  for  the  normal  force  and  pitching  moment.  If  we  are  looking 
for  an  analogous  store,  then  a  fin  span  just  above  1,3  diameters  is  required 
at  sero  roll  while  a  span  of  almost  1.4  diameters  is  needed  at  45  degrees  roll. 
By  choosing  a  span  of  about  1,35  diameters,  however,  we  can  halve  the  mis¬ 
match  with  the,  uadiotorted  store.  Taking  account  of  the  aise  of  Gy  and  Cra  at 
this  incidence,  this  means  about  +5$  error  in  Cu  and  +10$  in  Cffi  as  roll 
imcl.  otaag,,,. 

Looking  at  the  lateral  forces  however,  we  see  that  the  rear-end  distortion 
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produces  quite  large  errors  in  Cy  and  Cn  which  are  not  affected  by  changes 
in  fin  span.  Decreasing  the  span  also  worsens  the  match  in  rolling  moment. 
Hence  no  satisfactory  analogous  store  appears  to  be  possible  by  simple 
change  of  fin  span. 

EFFECT  OF  DISTORTIONS 


If,  next,  we  look  at  the  changes  arising  from  distortion  2,  the  reduced 
diameter  collar,  and  distortion  3,  the  lengthened  centre  section  and 
shortened  tail  cone,  we  see  from  figure  3  that  no  significant  gains  are  to 
be  had  on  longitudinal  loads  from  distortion  2  compared  with  distortion  1, 
and  although  distortion  3  gives  a  better  agreement  in  normal  force,  it  still 
exhibits  a  strong  trend  with  roll  angle  in  the  pitching  moment  error  curve. 

As  regards  lateral  forces  and  moments,  distortion  2  offers  a  small  improvement 
but  shortening  the  tail-cone  gives  the  best  agreement.  Hence,  from  d  con¬ 
sideration  of  loads  on  the  isolated  store,  it  is  concluded  that  distortion  3 
provides  the  best  simulation  and  distortion  2  has  no  great  advantage  over 
distortion  1  and  leads  to  a  weak  and  flexible  sting.  However,  since  distortion  3 
involves  modifying  the  central  part  of  the  body  where  store  to  store 
interference  is  high  during  carriage,  it  was  decided  to  continue  investigations 
with  distortion  1. 

SCALE  EFFECTS 


An  assessment  of  the  effects  of  scale  was  made  by  adjusting  the  pressure  in 
the  txinnel  to  give  a  reduction  in  Reynolds  number  from  20$  to  8.3$  scale. 
Transition  was  fixed  by  ballotini  bands  near  the  nose  of  the  body  and  behind 
the  fin  leading  edge.  No  detectable  difference  could  be  detected  within  the 
experimental  scatter. 


CARRIAGE  LOADS 


DISTORTION  AND  STING  EFFECTS 

In  order  to  assess  the  effect,  of  distortion  and  the  presence  of  a  sting  cn 
loads  measured  in  carriage,  five  component  measurements  through  a  side  support 
balance  have  been  made  on  stores  mounted  on  the  inboard  pylon  inner-  shoulder 
position  on  a  TSt  on  phantom.  An  undistorted  014  store  and  a  distorted  114 
store  were  tested  with  and  without  dummy  stingo  supported  from  the  parent  air¬ 
craft  sting.  Figure  4  shews  the  difference  in  leads  from  the  basic  store* 

Except  for  the  yawing  moment ,  the  errors  duo  to  the  after-body  distortion  are 
small  and  the  additional  change  due  to  adding  the  sting  are  even  smaller  end 
tend  to  reduce  the  total  error.  Tho  error  in  the  yawing  moment,  however,  is 
considerable,  amounting  to  some  50$  of  the  true  load  at  low  aircraft  incidences* 
Sven  sc,  the  percentage  errors  for  the  comparable  stores  in  free  air  are  mere 
than  double  this,  thus  indicating  that  correction  factors  derived  from . isolated 
stores  should  not  be  applied  to  carriage  loads*  These  tests  have  been  done  on 
a  single  store  oh  a  TES.  tilth  additional  stores  present  the  effects  can  be 
greater. 

KKflSimKSBKT  ACCURACY 

We  had  some  doubts  on  the  accuracy  of  carriage  loads  measured  at  this  scale  aid 
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so,  at  the  beginning  of  the  programme,  examined  the  effects  of  small  varisu- 
tions  in  model  detail.  Initially,  these  tests  were  to  examine  whether  the 
presence  or  absence  of  sway  braces  had  a  significant  effect  on  store  loads. 
Results  are  shown  for  the  bottom  store  on  a  fully  loaded  TER  on  the  centreline 
station.  Looking  first  at  the  solid  curves  in  figure  5»  in  which  crosses 
indicate  the  absence  of  sway  braces,  it  is  seen,  not  only  that  significant 
differences  were  observed  in  the  longitudinal  loads,  but  also  that  large 
yawing  forces  and  moments  could  arise  even  though  these  measurements  are  for 
a  store  on  the  aircraft  centreline.  These  tests  were  done  with  a  solid  side 
support  for  the  store  and  were  then  repeated  with  venting  at  the  junction  of 
the  store  and  rack  similar  to  that  in  full  scale  carriage.  These  results  are 
represented  by  the  chain  dotted  lines  which  show  that  some  of  the  larger  values 
of  yawing  force  and  moment  are  now  avoided.  Note  that  at  the  higher  incidences 
of  the  parent  aircraft,  there  is  a  tendency  for  differences  between  the 
various  representations  to  become  smaller.  From  other  tests  which  have  been 
made,  it  is  thought  that,  when  the  channels  between  the  stores  and  the  rack  are 
aligned  to  the  flowf  separations  are  induced  over  the  tail  region.  At 
incidence  however,  the  flow  pattern  changes  with  separations  further  forward 
leading  to  less  sensitivity  to  the  detailed  geometrical  shape  of  the  passage 
ways.  In  figure  6  a  comparison  is  made  of  the  loads  on  the  shoulder  store  on 
the  inboard  pylon  as  measured  in  the  USA  and  in  the  UK,  These  are  for  the 
same  store  in  the  same  carriage  configuration  on  the  UK  version  of  Phantom  and 
at  approximately  the  same  scale.  Again  we  have  significant  differences  at  low 
incidences  of  the  parent  aircraft,  oven  a  difference  in  the  sign  of  the  side 
force,  but  better  agreement  at  higher  incidences,  which  suggests  possible 
differences  in  the  detail  modelling. 

It  is  concluded  from  this  comparison,  firstly  that  flight  test  measurements 
of  the  aerodynamic  loads  are  required  to  confirm  carriage  loads  obtained  in 
the  wind-tunnel,  and  secondly,  that  care  is  required  in  the  use  of  loads 
obtained  from  side  support  systems  to  validate  sting-supported  systems. 

TRAJECTORY  COMPARISONS 

The  assessment  of  the  errors  due  to  store  distortion  is  not  complete  until 
account  has  been  taken  of  their  effect  on  the  release  disturbance  and  the 
accuracy  of  the  delivery  of  the  stores  to  the  target.  For  these  predictions, 
a  knowledge  of  the  variation  of  the  loads  due  to  the  aircraft  flow  field  is 
required.  To  solve  this  problem  without  the  use  of  a  captive  trajectory  rig 
we  have  used  an  analysis  of  actual  motion  of  stores  released  in  flight  and 
observed  by  aircraft  cameras,  together  with  simulations  of  the  ejection  phase 
to  obtain  the  approximate  variation  of  store  loads.  The  technique  is  still 
being  developed  but  in  figure  7  the  full  line  and  the  crosses  show  the  current 
standard  of  fit.  If  now  the  simulations  are  repeated  using  the  aerodynamic 
characteristics  of  the  stores  with  distortions  1  and  3  we  obtain  the  results 
shown  by  circles  and  squares.  These  results  indicate  that  the  effects  of  store 
distortion  are  of  the  same  order  as  the  repeatability  of  the  release  disturbance 
measured  in  flight. 

The  trajectories  have  been  continued  to  ground,  using  true  store  aerodynamics, 
to  find  out  whether  the  discrepancies  in  the  incidence  pitch  rate  and  velocity 
vector  of  the  store  when  it  reaches  the  edge  of  the  aircraft  flow  field  has  a 
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significant  effect  on  the  impact  point.  Figure  8  shows  the  error  in  range  as 
a  function  of  height  fallen,  assuming  straight  and  level  release.  At  450  kn 
these  are  small  compared  with  other  possible  errors  such  as  ballistic  dis¬ 
persion,  aiming  errors  and  trajectory  repeatability  in  the  wind-tunnel. 

The  assumptions  on  the  flow  field  effects  have  been  applied  to  releases  at 
600  kn  and  the  results  show  more  significant  errors,  particularly  since 
they  form  biases  in  the  delivery  system.  The  magnitude  of  the  errors  will 
also  increase  for  stores  with  lower  density  or  less  stability. 

To  examine  the  effects  of  the  large  errors  in  the  lateral  loads  due  to 
distortions,  a.  release  from  a  pylon  shoulder  station  on  a  yawed  aircraft 
has  been  considered.  The  simulation  assumes  an  exponential  decay  of  the 
carriage  loads.  It  is  seen  from  figure  9  that  the  initial  yaw  disturbance 
is  poorly  represented,  but  an  analysis  of  the  overall  effect  on  trajectory 
shows  range  errors  of  only  23  ft  and  line  errors  of  11  ft. 

CONCLUSIONS 

1  Distortion  effects  on  loads  differ  in  free  air  and  in  carriage. 

2  An  analogous  store  is  therefore  desirable  but  is  difficult  to  design. 

3  Sting  effects  on  store  loads  in  carriage  are  small  for  the  cases 
considered. 

4  Correct  detail  design  of  the  model  installation  is  essential  for 
accurate  carriage  loads. 

5  The  effect  of  distortions  on  predicted  release  disturbances  and 
trajectories  is  relatively  small. 
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PRELIMINARY  DESIGN  OF  AN  OPERATIONAL 
F-4  CONFORMAL  CARRIAGE 
(U) 

(Article  UNCLASSIFIED) 


by 


Edwin  J.  Zapel 

The  Boeing  Aerospace  Company 
P.O.  Box  3999 
Seattle,  Washington  98124 


ABSTRACT.  (U)  Low  Drag  Carriage  of  external  stores 
has  been  a  design  objective  for  all  tactical  fighters. 
Satisfaction  of  this  objective  is  very  difficult  due  to 
aircraft  maintenance  requirements,  multiplicity  of  weapon 
suits,  aircraft  structural  arrangement,  and  the  internal 
packing  density  of  the  aircraft. 

Preliminary  design  of  a  low  drag  conformal  weapons 
carriage  modification  for  the  F-4  aircraft  is  described  and 
application  of  the  conformal  carriage  design  methodology  to 
the  preliminary  design  of  a  high  performance  strike  fighter 
is  described. 

Approved  for  public  release,  distribution  unlimited. 
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INTRODUCTION 


Development  of  conformal  weapons  carriage  technology 
within  The  Boeing  Company  spans  the  period  between  1960  and 
the  present  time.  Most  early  work  concentrated  on  wind 
tunnel  investigations  of  aircraft  configurations  employing 
conventional  pylon  versus  conformal  weapons  carriage 
suspension  systems.  The  test  data  consistently  indicated 
the  superiority  of  conformal  weapons  carriage  over  pylon 
weapons  carriage.  In  1971,  The  Boeing  Company  designed, 
built,  and  installed  a  "boiler  plate"  model  of  a  conformal 
carriage  on  an  F-4B  aircraft.  The  work  was  accomplished 
under  contract  N0060-71-C-1150  jointly  funded  by  the  Naval 
Air  Systems  Command  and  the  Air  Force  Armament  Test 
Laboratory. 

Flight  performance  tests  of  the  modified  aircraft 
and  weapon  separation  tests  were  performed  at  Naval 
Weapons  Center,  China  Lake,  California.  The  data  obtained 
has  been  previously  reported  at  the  second  Aircraft/Stores 
Compatibility  Symposium  in  Sacramento  during  September 
19731'10  in  several  confidential  technical  reports  2,  3,  4 , 
s,  6  and  an  unclassified  design  document.7 

Contract  funding  and  time  schedules  in  this  contract 
precluded  development  of  a  fully  operational  F-4  conformal 
carriage  configuration;  therefore,  aircraft  operational 
maintainability  was  not  a  preeminent  design  criteria.  The 
flight  test  data  obtained  verified  the  wind  tunnel  test 
data  previously  collected.  As  a  result  of  the  aircraft 
performance  The  Boeing  Company  began  preliminary  design 
of  operational  conformal  carriage  configurations  for  the 
F-4  B/J  and  the  F-4E.  Funding  was  provided  individually 
by  U.S .  Air  Force  Contract  F08635-74-C-0080  from  U.S. 

Air  Force  Armament  Test  Laboratory  and  by  U.S.  Navy 
contract  N00123-74-C-2011  from  Naval  Air  Systems  Command 
through  the  Nava!  Weapons  Center.  The  results  of  these 
two  contracts  and  some  Boeing  Company  funded  investiga¬ 
tions  are  discussed  in  detail  within  the  body  of  the 
article.  The  complete  technical  reports  for  both  contracts 
have  been  published  as  references  0  and  9. 

The  historical  background  of  the  program  is  illus¬ 
trated  in  Figure  1. 

CONFIGURATION  COMPARISONS 

The  flight  test  aircraft  shown  in  Figure  2  included  a 
conformal  carriage  which  covered  the  entire  lower  surface 
of  the  aircraft  fuselage  aft  of  the  nose  landing  gear  door. 
Figure  3  depicts  the  operational  conformal  carriage  con fig- 
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uration  for  an  F-4J.  The  operational  carriage  is  approxi¬ 
mately  50  inches  wide  as  contrasted  to  the  96  inch  width 
of  the  carriage  flight  tested.  Also,  the  operational 
carriage  extends  from  the  forward  edge  of  the  nose  landing 
gear  door  to  the  engine  nozzle  plane.  This  forward  exten¬ 
sion  reduces  the  incidence  angle  of  the  carriage  forward 
fairing  from  that  for  the  flight  test  aircraft  and  minimizes 
the  aerodynamic  interaction  effects  between  weapons  in  the 
forward  row  and  the  adjacent  fairing  surface.  An  opera¬ 
tional  F-4E  conformal  carriage  configuration  was  tested 
in  the  NASA  Ames  6x6  wind  tunnel  in  April  1974.  The  data 
obtained  was  used  to  develop  a  performance  envelope  for  the 
operational  F-4E  conformal  carriage  configuration.  Figure 
4  illustrates  the  performance  improvement  calculated  for 
the  F-4E  conformal  carriage  and  its  comparison  to  the  flight 
test  data  obtained  with  the  F-4B  conformal  carriage. 
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Figure  4.  F~4B  vs  F~4E  Can  format  Carriage  Speed  Capability 


AIRCRAFT  LONGITUDINAL  STABILITY 

Aircsaft  longitudinal  stability  is  an  important  con¬ 
sideration  in  selection  of  weapon  loads  and  also  weapon 
suspension  locations.  For  the  F-4  series  aircraft, 
stability  effects  of  external  stores  are  most  easily  deter¬ 
mined  through  the  use  of  balance  numbers  and  aft  c.g. 
limit  curves.  The  data  shown  in  Table  I  lists  the  balance 
numbers  for  several  weapons  and  suspension  equipment  as 
abstracted  from  NAVAIR  01-245FDB-1,  F-4D  Flight  Manual. 

Longitudinal  stability  of  a  conformal  carriage  F-4B 
is  compared  to  an  F-4B  with  conventional  weapon  suspension 
in  Figure  5  and  Table  II.  . 
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Tebit  /.  Bslence  Number* 


WING  MOUNTEO  WEAPONS  WING  STATION  1. 2. 8,  OR  9 

Single  mounted 

Cluster  mounted 

forte  weapon  at 

Itwo  or  more  weapons 

WEAPON/TANK 

a  station) 

at  a  station) 

UNIT  BALANCE  NUMBER 

Wing  tank  and  pylon 

(with  weapons  installed  on  stations  2  and  8) 


Wing  tank  and  pylon 

(without  weapons  installed  on  stations  2  and  8) 


MK  81  (Snakeye)  and  tdgp) 


MK  82  (Snakeye)  and  Idgp) 


MK  83  Ldgp  bomb 


MK  86  Practice  bomb 


MK  87  Practice  bomb 


MK  88  Practice  bomb 


MK  77  Mod  1  fire  bomb 


MK  79  Mod  1  fire  bomb 


AN-M57A1  Banded  lug  GP  bomb 


AN-M81  Banded  lug  fragmentation  bomb 


AN-M68  Banded  lug  fragmentation  bomb 


LAU-3A/A  or  aero  70  rocket  launcher 


LAO- 10/A  rocket  launcher 


LA  l>- 32/ A/ A  or  aero.  6A-2  rocket  launcher 


C3U-1A/A.  C8U-2A.  or  C8U-2A/A 


WING  STATION  2  GR I 


LA  U~  17/A  wing  miulle  pylon 


WING  MOUNTED  SUSPENSION  EQUIPMENT 


UNIT  BALANCE  NUMBER 


8.9 


LAU-17/A  wing  mktile  pylon  *  LAO-7/A  guided 
mistife  launcher 


LAIM7/A  wing  miwii#  pylon  *  TEN  adapter  +7ER  rack 


WING  STATION  IONS 


Wing  Unit  pylon 


\  Wing  unkpyton*MER  adapter  ♦  MEN  rack 


Not#!.  Tandem  weapon*  count «  a  single  weapon. 
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Installation  of  leading  edge  slats  on  the  F-4E  changes 
the  longitudinal  stability  of  the  aircraft  as  shown  by  the 
maximum  allowable  aft  c.g.  limits  given  in  Figures  6  and  7. 
The  maximum  allowable  aft  c.g.  position  is  shifted  forward 
approximately  1 %  M.A.C.  by  the  addition  of  the  leading  edge 
slats.  Carriage  of  external  stores  on  conventional  pylons 
further  reduces  the  aircraft  longitudinal  stability  by  the 
effect  of  increasing  the  balance  'or  stability  index) 
number  faster  than  the  forward  shift  in  c.g.  location  due 
to  weapon  weight  added  forward  of  balance  point. 

Table  III  contains  stability  calculations  for  F-4E 
aircraft  with  conventional  and  conformal  weapons  carriage 
systems . 


Table  III 

F-4E  Longitudinal  Stability  Calculations 


CONFIGURATION 

SIN 

GROSS  WEIGHT 

%  MAC 

CONVENTIONAL  F-4 

LBS. 

OEW 

0 

31,930 

26.1 

FULL  INT.  FUEL 

0 

44,041 

32.7 

2  -FULL  3  70  GAL.  TANKS 

40 

49,467 

33.2 

PYLONS  &  TERs  ON  2  &  8 

103,6 

50,005 

32.94 

PYLON  &  MER  ON  5 

103.6 

50,275 

33.00 

b  MK82  ON  2  &  8 

12  5.8 

53,425 

30.83 

6  MK82  ON  5 

125.8 

56,575 

30.35 

CWC  F-4 

OEW 

0 

32,830 

25.9 

FULL  INT.  FUEL 

0 

44,941 

32.44 

2  FULL  370  GAL.  WING  TANKS 

40 

50,653 

33.13 

+12  MK82  BOMBS 

40 

56,953 

32.67 

F-4E  aircraft  with  conventional  armament  suspension 
equipment  require  very  careful  handling  when  fully  loaded 
with  internal  fuel  and  two  370  gallon  external  wing  tanks. 
Addition  of  the  weapons  on  stations  2,  8,  and  5  increases 
gross  weight  and  adds  to  the  stability  index  number  but 
moves  the  c.g.  location  forward  out  of  the  caution  zone,  as 
shown  in  Figure  6. 


C.G.  LOCATION  -  %  MAC 

Figure  6.  F-4  C,0,  &  E  Aft  C.G.  Limits  (Before  T.O.  1F-4E-566  LE.  Slats) 


Incorporation  of  the  leading  edge  slats  brinqs  the 
maximum  allowable  aft  c.g.  limit  much  closer  to  the  c.g. 
location  for  the  aircraft  with  full  internal  and  two  370 
gallon  external  wing  tanks.  Addition  of  weapons  on 
stations  2,  8,  and  5  again  moves  the  c.g.  forward  out  of 
the  caution  zone  even  though  there  is  an  increase  in  the 
stability  index  number.  In  the  event  an  aircraft  in  this 
condition  encounters  a  high  gust  condition  while  flying  at 
high  angles  of  attack,  perhaps  during  a  refueling  operation, 
the  aircraft  may  become  unstable  and  begin  a  violent  pitch 
up  maneuver.  The  pilots  first  impulse  is  to  lighten  ship 
and  jettison  the  bombs  which  he  has  been  told  destabilize 
his  aircraft.  If  the  bombs  are  jettisoned  the  c.g. 
immediately  moves  further  aft  and  the  aircraft  becomes 
even  more  unstable  although  the  stability  index  number  has 
been  reduced.  At  this  point  the  crew  is  apt  to  "punch  out" 
and  the  aircraft  is  lost. 
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Figure  7.  F-4E  Aft  C.6.  Limits  (After  T.O.  1F-4E-566  LE.  Siats ) 


Note  that  the  conformal  carriage  F-4E  aircraft  c.g. 
location  never  is  within  the  caution  zone  and  has  a  very 
much  enhanced  stability  margin.  Qualitative  evidence  of 
this  enhanced  stability  margin  are  the  reports  of  the  test 
pilots  who  flew  the  F-4B  f light  test  aircraft.  Their  com¬ 
ments  were:  "The  conformal  carriage  aircraft  with  installed 
weapons  flew  and  handled  like  a  clean  but  heavy  F-4." 

Figure  8  depicts  the  pitching  moment  coefficient  for  three 
F-4  configurations. 
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Figure  8.  Pitching  Moment  Coefficient 
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The  performance  gains  previously  described  are  not 
obtained  without  penalty.  Installation  of  the  operational 
conformal  carriage  increases  the  clean  aircraft  OEW  by  900 
lbs.  because  the  weapon  suspension  system  cannot  be  removed 
as  in  the  case  of  conventional  pylons  where  960  lbs.  of 
pylons,  adapters,  and  4  TER's  can  be  removed  to  clean  up 
the  aircraft. 

The  weapon  ejectors  used  on  pylon  mounted  systems  can¬ 
not  be  used  in  operational  conformal  carriage  installations 
because  the  ejector  access  is  severely  restricted  in  the 
conformal  carriage  installation.  Furthermore  safety  con¬ 
siderations  presently  require  the  ability  to  jettison  an 
ejector  and  its  associated  support  structure  if  the  ejector 
malfunctions.  Obviously  such  a  method  of  jettisonning  a 
"hung"  bomb  is  quite  difficult  in  a  conformal  carriage 
installation.  Another  perhaps  better  approach  may  be  to 
provide  weapon  jettison  capability  within  the  ejector 
itself  so  that  the  malfunctioning  ejector  can  be  returned 
for  examination  and  analysis. 

A  third  and  most  critical  consideration  is  that  of 
aircraft  maintainability  with  an  installed  conformal 
carriage. 
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MAINTAINABILITY  CONSIDERATIONS 


The  F-4  aircraft  is  arranged  for  servicing  through  the 
bottom  of  the  fuselage.  Such  an  arrangement  is  convenient 
for  the  basic  aircraft,  but  when  the  conformal  carriage  is 
installed  access  to  these  service  points  becomes  quite  dif¬ 
ficult.  Consequently  some  servicing  points  must  be  relo¬ 
cated  and  others  paralleled  with  new  fittings  in  locations 
more  accessible  when  the  conformal  carriage  is  installed. 

The  critical  items  are: 

1.  Pneumatic  System 

The  system  pressure  gage,  air  charge  valve,  and  canopy 
emergency  air  pressure  gages  must  be  relocated  to  permit 
access  at  any  time. 

2.  Utility  Hydraulic  System 

The  service  fittings  must  be  retained  in  their  existing 
locations  but  parallel  fittings  are  required  in  some  more 
accessible  location.  The  system  accumulator  reservoir  fluid 
level  indicator  cannot  be  inspected  when  weapons  are 
installed  on  the  conformal  carriage  therefore  a  parallel 
fluid  level  indicator  is  required  in  another  location. 

3.  LOX  System 

The  F-4  LOX  converter  is  too  bulky  to  be  relocated  so 
the  conformal  carriage  must  be  designed  to  permit  access  to 
this  converter  during  a  turn  around  operation. 

4.  Auxiliary  Air  Doors 

The  existing  doors  hinge  downward  approximately  45° 
about  hinges  located  on  the  aircraft  keel  beam.  The  door 
motion  and  location  is  such  that  interference  exists 
between  the  door  and  the  conformal  carriage  structure.  As 
a  consequence  the  door  function  will  be  duplicated  by  a 
rolling  type  door  which  fits  within  the  carriaqe  structure. 
In  the  flight  test  program  dual  louvered  doors  were 
employed.  During  installation,  an  interference  between 
door  control  l^nks,  engine  oil  lines  and  throttle  quadrants 
was  found,  requiring  deletion  of  the  aft  control  links  on 
the  louvered  doors.  Elastic  deformation  of  the  louvers 
due  to  pressure  loading  during  some  flight  conditions  per¬ 
mitted  the  door  open  warning  light  to  come  on  which  was 
disconcerting  to  the  pilots.  The  new  system  incorporates 
both  positive  seals  and  overpressure  relief  provisions. 
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5.  F-4E  Cartridge  and  Pneumatic  Starter  Access 

Revisions  to  the  ducts,  cartridge  breech,  and  exhaust 
deflector  have  been  devised  to  permit  access  with  weapons 
installed  on  the  conformal  carriage. 

6.  F-4  B/J  Pneumatic  Starter  Access 

The  pneumatic  starter  duct  fitting  on  the  left  side  of 
the  aircraft  is  located  directly  above  a  potential  weapon 
tail  fin  assembly.  Therefore  the  duct  fitting  must  be 
moved  outboard  on  the  bottom  of  the  conformal  carriage  to 
permit  engine  start.  A  similar  situation  existed  on  the 
flight  test  vehicle  so  the  access  point  was  moved  to  the 
side  of  the  conformal  carriage.  No  problems  were  encoun¬ 
tered  with  this  location  unless  the  normal  Navy  F-4  cock¬ 
pit  checklist  was  followed.  Normally,  both  engines  are 
started  and  the  aircraft  flight  control  systems  cycled 
while  the  starter  hose  is  attached  to  the  aircraft.  Opera¬ 
tion  of  the  wing  flaps  with  the  hose  in  place  damaged  the 
duct  access  door  and  the  inboard  corner  of  the  left  wing 
flap.  Several  instances  of  this  type  of  damage  occurred 
during  the  flight  test  program. 

7.  Ground  Refueling  Point 

An  interesting  problem  developed  in  the  flight  test 
program  which  has  been  resolved  in  the  operational  design. 
The  ground  pressure  refueling  point  is  located  behind  an 
access  door  in  the  boundary  layer  bleed  duct  area  on  the 
aircraft  right  side.  The  shutoff  valve  is  opened  by  an 
extension  from  the  fueling  nozzle  which  is  operated  by  a 
lever  on  the  nozzle  assembly.  On  the  F-4  series  aircraft 
the  nozzle  can  be  inserted  in  three  possible  orientations 
in  the  fitting  with  adequate  clearance  to  rotate  the  locking 
collar  15°  to  the  locked  position  and  subsequently  operate 
the  valve  handle.  The  close  proximity  of  the  conformal 
carriage  permitted  nozzle  insertion  in  only  one  of  the  three 
possible  orientations  with  locking  collar  rotation  and 
subsequent  valve  handle  operation.  It  is  not  practical 
to  modify  the  nozzle  to  fit  the  F-4  conformal  carriage 
aircraft  since  the  nozzle  will  then  probably  not  satisfy 
fueling  requirements  for  other  aircraft.  Therefore  the 
nozzle  receptacle  on  the  F-4  must  be  reoriented  to  simplify 
fueling  with  the  standard  nozzles. 


916 


Figure  9  depicts  the  ground  servicing  points  relocated 
to  the  nose  wheel  well. 


>  •• 

GROUND  SERVICE  POINTS 

(NOSE  WHEEL  WELL) 


1.  AIR  CHARGE  VALVE 

2.  PNEUMATIC  SYSTEM 
PRESSURE  GAGE 

a  CANOPY  PRESSURE  GAGES 
4,  RSVR  AIR  BLEED  VALVE 
6.  ACCUMULATOR  GAGE 
a  ACCUMULATOR  CHARGE  VALVE 


7.  UTILITY  HYD.  RSVR  LEVEL  GAGE 
a  UTILITY  HYD.  SUCTION  RTN. 

9.  UTILITY  HYD.  RSVR.  FILL 

10.  UTILITY  SYSTEM  PRESSURE 

11.  STATIC  DRAIN 

12.  PITOT  DRUM 


Figure  9.  Nose  Gear  Well  Service  Points 


Figure  .10  illustrates  the  modifications  required  in  the 
F-4E  servicing  points  and  compartment  drains,  while  Figure  11 
depicts  the  changes  required  in  an  F-4  3/J. 
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Figure  10.  F-4E  Service  Point  Modification 
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STRUCTURAL  ARRANGEMENT 


The  operational  F-4E  conformal  carriage  design  was 
developed  for  a  specified  weapon  suit  provided  by  AFATL 
while  the  F-4  B/J  weapon  suit  was  specified  by  NWC.  Table  IV 
lists  the  weapon  suit  specified  for  the  F-4  B/J  conformal 
carriage.  Installation  of  one  or  two  GAU-9A  guns  internally 
in  the  conformal  carriage  was  studied  as  one  of  the  weapon 
loads.  The  added  depth  required  by  an  internal  gun  instal¬ 
lation  produced  interference  between  catapult  bridle  and  the 
outer  weapons  in  the  forward  weapon  row.  The  results  of  the 
trade  study  between  internal  GAU-9A  gun  and  external  GAU-9 
gun  pod  is  illustrated  in  Table  V.  The  recommended  gun 
installation  is  an  external  pod  mounted  on  the  conformal 
carriage  centerline. 

TABLE  IV  F-4B/J  Conformal  Carriage  External  Stores 

Two  GAU-9A  guns  plus  ammunition  storage  located  internally  in 
conformal  carriage. 


QUANTITY  INSTALLED 

STORE  NWC  FEASIBLE 


DESIRED  REQUIRED 


MK20  MOD  0 

12 

6 

11 

APAM 

12 

6 

11 

MK-82-GP/SE 

12 

6 

12 

MK-83-GP/SE 

6 

3 

5 

MK-84-GP/SE 

- 

- 

3 

CBU-72  (HSFAE) 

4 

2 

3 

MK-77 

12 

5 

6 

MK-82LGB 

4 

1 

5 

MK-83LGB 

2 

2 

3 

MK-84LGB 

1 

1 

1 

CTU-1 

2 

1 

1 

HARM 

4 

2 

LAU-69 

4 

2 

3 

LAU-10 

4 

2 

3 

SUU-40 

4 

2 

4 

SUU-44 

4 

2 

4 

CBU-58 

- 

- 

8 

CBU-38 

- 

- 

11 

ASP 

- 

- 

6 

SUU-23C/A 

- 

- 

4 

SUU-51 

- 

- 

6 

B-57 

- 

- 

3 

MK-84  EOGB 

- 

- 

1 

A6H-6S 

- 

- 

4 

B-43,  B-61 

- 

- 

1 
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TABLE  V.  F-4&/J  Conformal  Carriage  External  Stores  Trade 
Study 

Internal  GAU-9A  gun  installation  vs.  External  store  quant i tie 


STORE 

QUANTITY  INSTALLED 

With  Internal 
(From  Table 

GAU-9A  Without  Internal  GAU-9A 

I) 

O 

CO 

1 

3 

MK-84EOGB 

1 

2 

MK-77 

6 

8 

SUU-51 

6 

8 

MK-82LGB 

5 

6 

ASP 

6 

8 

CBU-72 (HSFAE) 

3 

5 

GAU-9  POD 

** 

1 

NOTE:  Stores  snown  are  those  affected  by  the  internal  GAU-9A 
installation.  All  other  stores  and  quantities  in 
Table  I  can  be  carried  with  or  without  internal  GAU-9A 
installation. 

For  missions  not  requiring  the  gun  additional  bombs 
can  be  carried. 

Typical  of  the  weapon  arrangements  developed  is 
Figure  12  where  6  Rockeye  II  bombs  and  the  GAU-9  gun  pod 
are  integrated  into  a  low  drag  weapon  installation. 


OHOUMPUKC  . 

FRONT  VIEW 


WEAPONS:  (t)  GAU-t  GUN  TOO 
(I)  ROCMVE  II 
U)  AIM-7 


figure  tZ  Watpcn  Amngcfr&it  P-43U 


Table  VI  summarizes  the  weapon  suit  for  the  F-4E. 


TABLE  VI.  F-4E  Conformal  Carriage  External  Stores 


QUANTITY 

INSTALLED 

STORE 

DESIRED  BY  AFATL 

FEASIBLE 

MK-82 

12 

12 

MK-82 

6 

8  4 

+ 

or 

BLU-27 

4 

2  3 

MK-82 

6 

8 

+ 

CBU-58 

6 

4 

LAU-61 

9 

6 

MK-82 

6 

9 

+ 

SUU-25C/A 

2 

2 

SUU-45 

5 

4  2 

+ 

or 

MK-82 

4 

3  8 

B-43 

2 

3 

B- 57/61 

4 

3 

MK-84EGGB 

4 

2 

AGM-45 

4 

3 

4- 

AGM-78 

2 

AGM-45 

4 

** 

4- 

CBU-58 

6 

8 

AGM-78 

2 

- 

4- 

CBU-SS 

6 

8 

MK-20  MOO  0 

•* 

11 

CBU-38 

- 

11 

ASP 

8 
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TABLE  VI  (Continued) 


QUANTITY  INSTALLED 


STORE 

DESIRED  BY  AFATL 

FEASIBLE 

AGM-65 

6 

6 

HK-84LGB 

4 

3 

+ 

Pave  Spike 

1 

1 

MK-82LGB 

6 

5 

+ 

Pave  Spike 

1 

1 

CBU-58 

6 

6 

+ 

SUU-25C/A 

2 

C 

SUU-51 

- 

3 

SUU-45 

- 

5 

ASP 

- 

G  3 

+ 

or 

MK-82 

- 

4  3 

BLU-27 

- 

2 

CBU-58 

— 

4 

LAU-10 

- 

3 

LAU-69 

- 

3 

CDU-72 

- 

b 

LAU-10/LAU-69 

- 

2 

T* 

HK-84EQGD 

- 

1 

MK-83LGB 

«* 

3 

Pave  Spike 

** 

1 

LAU-G9 

- 

2 

4 

HR- 20  HOD  0/APAH 

- 

5 

CTU-1 

3 

323 


TABLE  Vi  (Continued) 


QUANTITY  inutalu:,. 


STORK 


DESIRED  BY  AFATL 


KM  AY  IV. 


SUu-4  4/SUO- 4  0  ~  •« 

ELU-27  -  i 

+ 

MK- 2 0  MOD  0  5 

The  fins  on  SUU-4 5  must  be  folded  to  permit,  carnaqf 
tangent,  to  a  surface.  Wing  stations  2  j>  B  are  available 
for  additional  weapon  installation  at  the  expense  of  drag 
and  stability. 

A  matrix  of  ejector  locations  was  developed  for  the 
weapon  suits  given  in  Tables  IV  and  VI  to  minimize  rearming 
time.  Necessarily  no  single  ejector  pattern  maximizes  the 
number  of  weapons  carried  in  each  of  the  many  weapon  suits. 
Some  compromises  are  required.  The  ejector  location 
pattern  developed  is  shown  in  Figure  13  and  is  considered 
optimal  for  the  weapon  suits  given  in  Tables  IV  and  VI. 

»Su  v  1  -  ;  — 


■ftiS 


«=— - ‘•-’•t . — ■c* 

UCt*«0 

o  v«“U<tTO«*ayito* 

O  irtitcfo»»o4if«oii 

""  ss» 

Figure  13.  Weapon  Stations 
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Besides  the  catapult  bridle  attachment  hooks  on  the 
F-4  B/J  che  navy  aircraft  also  include  a  catapult  holdback 
fitting.  The  fitting  is  located  on  the  keel  beam  near 
F.S.  439  and  when  used  projects  through  the  conformal 
carriage  aft  fairing  region.  The  fitting  assembly  must 
be  modified  with  a  new  link  and  snubber  which  absorbs  the 
shock  loading  associated  with  rupture  of  the  "dogbone" 
fitting  during  catapult  launch. 

Quick  turnaround  and  maintenance  access  requirements 
dictate  a  structural  arrangement  permitting  palletized 
loading  of  weapons  on  to  tha  aircraft.  Two  choices  were 
investigated;  an  external  pallet  where  the  weapons  are 
loaded  onto  the  conformal  carriage  with  the  pallet  used 
as  a  lifting  platform,  and  a  segmented  conformal  carriage 
where  weapons  can  be  loaded  onto  a  portion  of  the  conformal 
carriage  and  the  entire  assembly  quickly  attached  to  the 
aircraft.  This  latter  choice  offered  the  best  compromise 
between  structural  integrity,  quick  turnaround  arming  time, 
maintenance  access,  and  installed  conformal  carriage 
weight.  The  arrangement  used  is  shown  in  Figure  14. 


1. 

2. 

3. 

4. 

5. 

6. 


Figure  14.  Structural  Arrangement 


SWAY -BRACE  FITTING  LATERAL  WEAPONS  LOAD 

PLUG  IN  MAIN  STRUCTURE,  WEAPONS  LOAD 

QUICK  RSL-ASE  FITTING,  MAIN  STRUCTURE  TO 
AIRPLANE  i  TTACHMENT 


MAIN  CENTERLINE  FITTING 
SLIDING  AUXILIARY  AIR  DOOR 
FITTING,  AFT  FAIRING  ATTACHMENT 

dJ  -  SPACE  FOR  30“  WEAPONS  EJECTOR 
>  SPACE  FOR  H“  WEAPON'S  EJECTOR 


7.  AFT  FAIRING  (REMOVABLE)  9  FT3 

8.  FORWARD  FAIRING  11  FT3 

«.  NOSE  LANDING  GEAR  DOOR.  CWC 

10.  LOX  FILL  SLIDING  ACCESS  OOOR 

11.  LOX  CONVERTER  ACCESS  OOOR 

12.  CWC  ENGINE  ACCESS  DOOR 
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Built-in  hoisting  systems  were  incorporated  in  each  of 
the  conformal  carriage  bays.  The  motive  power  for  the 
hoist  units  is  external  to  the  conformal  carriage  to 
minimize  cost  and  OEW.  Any  form  of  rotational  power  can 
be  used  from  an  electrical  motor-  to  a  man  with  a  speed 
wrench.  Figure  15  illustrates  the  detachable  nature  of  the 
conformal  carriage  modules.  Loading  and  arming  of  weapons 
and  weapon  ejectors  are  shown  in  Figures  16  and  17.  The 
ejectors  are  armed  after  the  weapons  have  been  locked  in 
place  and  before  the  assembly  is  hoisted  onto  the  aircraft. 
Safety  considerations  on  airfields  and  aircraft  carriers 
dictate  this  sequence  of  aircraft  arming.  The  quick  dis¬ 
connect  and  reconnect  feature  of  the  conformal  carriage 
weapon  modules  is  provided  by  special  manually  operated 
structural  attachment  fittings  which  can  be  quickly  opened 
or  closed  and  locked.  Sufficient  length  of  umbilical  cord 
is  required  to  permit  electrical  hookup  and  checkout 
before  the  conformal  carriage  weapon  module  is  hoisted 
into  final  position. 


Figure  15  Conform*!  Curisge  Modules 


Figure  18  depicts  a  catapult  launch  of  a  conformal 
carriage  F-4J  loaded  with  MK82  bombs.  The  envelope  of 
motion  for  the  catapult  bridle  as  the  bridle  rings  come 
off  the  catapult  launch  hooks  is  a  critical  weapon  clear¬ 
ance  problem,  which  has  been  solved  for  the  weapons  given 
in  Table  IV. 


Figure  18.  Catapult  Launch  Conformal  Carriage  F-4J 

Analysis  of  the  F-4  servicing  sequence  indicates  some 
changes  in  sequence  will  be  required  with  conformal  car^ 
riage  F~4's, 

Detailed  changes  in  servicing  procedure  maintenance 
card  deck  etc.,  are  given  in  references  8  and  9.  The 
impact  of  the  conformal  carriage  installation  upon 
servicing  time  will  be  minimal  for  both  the  F«»4  B/J  and 
the  F-4E.  . 

WEAPON  EJECTORS 

A  key  element  in  deployment  of  operational  conformal 
carriage  technology  on  any  aircraft  is  the  weapon  ejector 
to  be  utilized.  At.  the  present  time' no. ejector  in  the 
inventory  is  totally  satisfactory.  Several  designs  can 
be  readily  modified  to  satisfy  functional  requirements  in 
a  conformal  carriage.  The  special  peculiarities  of  a  con¬ 
formal  carriage  installation  are; 


1.  Ejector  rearming  should  be  possible  through  either 
top,  bottom,  or  sides  of  the  ejector.  Preferable  loca¬ 
tion  for  the  F-4  conformal  carriage  is  at  the  top  center- 
line  of  the  ejector. 

2.  The  manual  release  mechanism  must  be  such  that  it  can 
be  operated  within  the  .5  inch  portion  of  the  ejector  pro¬ 
jecting  from  the  conformal  carriage  lower  surface. 

3.  Secondary  release  provisions  must  be  incorporated  in 
the  ejector.  Jettison  of  the  ejector  itself  from  the  con¬ 
formal  carriage  may  be  acceptable  although  not  desirable. 
Preferably  the  normal  release  mechanism  should  include 
some  means  of  jettisoning  the  attached  weapon  if  the 
primary  ejection  mechanism  fails  to  function. 

4.  Swaybracing  should  either  be  internal  to  the  ejector 
or  should  automatically  retract  when  the  weapon  has  been 
released.  The  bracing  system  can  either  use  the  bomb  lug 
sides  and  top,  the  lugs  and  the  bomb  case,  or  the  special 
lugs  required  in  the  "T"  lug  and  saddle/spigot  concepts. 

The  swaybracing  must  be  self  adjusting  to  the  weapon  so 
that  manual  adjustment  is  not  required.  There  is  inade¬ 
quate  clearance  for  manual  tightening  of  sway  brace  feet 
in  a  conformal  carriage  installation. 

5.  The  energy  source  for  the  ejector  should  either  be 
non-corrosive,  non-contaminating  in  nature  or  the  ejector 
must  be  capable  of  being  quickly  and  completely  cleaned 
without  removal  from  the  conformal  carriage. 

6.  The  ejector  safing  pin  must  be  manually  removable 
from  the  .5  inch  protruding  portion  of  the  ejector  or  must 
be  an  inflight  operable  ejector  lock. 

ADDITIONAL  CAPABILITIES 

The  F-4  conformal  carriage  design  provides  unused 
volume  within  the  forward  fairing  and  the  aft  fairing  as 
well  as  within  the  removable  weapon  support  modules.  The 
volume  within  the  forward  fairing  can  be  used  for  installa¬ 
tion  of  internal  ECM  equipment.  Simulated  conformal  car¬ 
riage  installations  of  hern  and  multibeam  array  ECM 
antennas  were  tested,  by  an  ECM  vendor  on  an  over-water 
range  to  determine  their  relative  merits  in  a  conformal 
carriage  installation.  Figure  19  illustrates  the  field  of 
vi^w  for  a  typical  horn  antenna  installed  along  one  side 
of  the  conformal  carriage  in  an  external  pod.  Figure  20 
depicts  the  radiation  pattern  intensity  variation  with 
azimuth  in  the  -10°  elevation  plane  for  the  typical  horn 
antenna. 
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A  multibeam  array  antenna  was  tested  in  a  position 
compatible  with  a  conformal  carriage  installs  .ion .  The 
antenna  was  aligned  50°  to  one  side  in  azimuth  and  down 
20°  in  elevation.  The  field  of  view  obtained  is  shown  by 
the  lightly  shaded  area  in  Figure  21.  The  radiation  inten¬ 
sity  variation  with  azimuth  in  the  -10°  elevation  is  shown 
in  the  lightly  shaded  portion  of  the  pattern  in  Figure  22. 
Had  a  similar  antenna  been  installed  in  a  mirror  image 
position  there  would  have  been  a  20°  pattern  overlap 
directly  ahead  of  the  aircraft.  The  overlap  area  rs 
heavily  shaded  in  Figures  21  and  22.  Careful  design  to 
minimize  undesirable  effects  in  the  20°  area  directly 
ahead  of  the  aircraft  would  be  required  for  this  type  of 
installation. 


Figure  21.  Multi-Beam  Antenna  Fieid-of-  View 

Installation  of  ECM  capability  within  the  low  drag 
conformal  carriage  can  enhance  the  survivability  of  the 
aircraft  by  reducing  its  electronic  image  cross  section 
without  a  decrease  in  aircraft  performance. 

Passive  defensive  systems  can  be  installed  in  the 
conformal  carriage  aft  fairing  in  a  low  drag  configura- 
tion.  Typical  of  these  systems  are  the  AN/ALE  40  chaff 
and  flare  dispensers.  The  conformal  carriage  installa¬ 
tion  would  provide  less  drag  and  better  scattering  of  the 
chaff  with  leas  impingement  in  the  horizontal  tail  than 
the  presently  authorized  inboard  pylon  installation. 


FREQ:  10  GHz 

POL:  H 

GAIN:  21  DBI 

ANT.  BORESITE  SQUINT: 

AZ:  50° 
EL:  -20° 


Figure  22.  Multi-Beam  Antenna  Radiation  Pattern 


In  addition  to  these  defensive  systems  the  conformal 
carriage  can  include  necessary  elements  of  the  JTIDS 
system  if  desired,.  This  system  is  a  highly  sophisticated 
communication  network  which  is  now  in  development.  Among 
its  important  features  are:  secure  data  link,  position 
location  capability  within  200  ft.,  information  inter¬ 
change  with  all  elements  of  the  network  including  AWACS, 
ground  forces,  and  air  forces. 

VULNERABILITY  ASPECTS  OF  THE  F-4  CONFORMAL  CARRIAGE 

Installation  of  the  conformal  carriage  under  the  F-4 
fuselage  covers  a  52  in.  wide  strip  centered  on  the  aircraft 
centerline.  The  additional  structure  contains  beams, 
ejectors,  and  skin  panels  with  an  average  thickness  of 
x  =  .6  in. 

The  engine  cavity  is  approximately  90  inches  wide 
therefore,  the  conformal  carriage  provides  additional 
protection  over  57%  of  the  bottom  of  the  engine  cavity. 
During  the  attack  phase  of  the  mission  the  bombs  under 
the  conformal  carriage  provide  additional  heavy  material 
through  which  projectiles  must  penetrate  in  order  to 
reach  the  engine  cavity. 
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The  conformal  carriage  forward  fairing  covers  the 
pneumatic  compressor,  the  LOX  converter,  and  the  utility 
hydraulic  accumulator  reservoir;  therefore,  additional 
protection  for  these  systems  is  provided  by  the  basic 
conformal  carriage  with  the.  option  of  adding  armor  plate 
inside  the  fairing  if  desired. 

Another  less  quantifiable  vulnerability  aspect  of 
the  F-4  conformal  carriage  is  the  ability  to  penetrate 
and  attack  at  higher  speeds.  Although  the  existing  F-4 
weapon  management  system  is  inadequate  for  accurate 
supersonic  weapon  delivery  that  capability  could  be  avail¬ 
able  with  installation  of  advanced  avionics. 

The  low  drag  ECM  installation  possible  with  the  con¬ 
formal  carriage  also  enhances  aircraft  survivability  in 
that  the  aircraft  maximum  speed  is  not  restricted  by 
presence  cf  the  ECM  equipment. 

Integration  of  these  possible  system  improvements  in 
a  conformal  carriage  installation  not  only  increases  the 
F-4  survivability  but  also  greatly  expands  weapon  carriage 
and  delivery  envelopes. 

CONFORMAL  CARRIAGE  DESIGN  METHODOLOGY 

Ideally  the  design  of  a  high  performance  attack  system 
begins  with  definition  of  the  targets  to  be  attacked  and 
the  defenses  expected  to  be  encountered.  From  these  two 
definitions,  the  weapon  list  and  required  flight  envelope 
are  developed.  Once  the  weapon  suits  and  flight  envelope 
have  been  defined,  the  parent  vehicle  can  be  configured. 
Historically  the  ground  attack  role  has  devolved  upon 
existing  aircraft  primarily  designed  as  air  to  air  rather 
than  air  to  ground  vehicles  and  consequently  the  above 
idealized  development  process  cannot  generally  be  adhered 
to.  The  difference  between  applying  conformal  carriage 
design  methodology  to  new  and  existing  aircraft  designs 
primarily  lies  in  the  aircraft  maintenance  area  and  in 
weapons/aircraft  integration. 

The  initial  step  in  either  case  is  development  of 
weapon  suits.  Assembly  on  a  "light  table"  of  a  montage 
composed  of  transparent  scale  drawings  of  weapons  in  types 
and  numbers  required  minimizes  the  effort  necessary  to 
develop  a  composite  weapon  ejector  location  pattern. 
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Superposition  of  the  weapon  ejector  location  pattern 
upon  the  maintenance  access  requirements  for  an  existing 
aircraft  provides  the  data  for  design  choices  between 
changing  aircraft  service  access  requirements,  service/ 
rearming  oraer  sequence,  ejector  location  pattern,  or  some 
combination  of  all  three.  The  latter  choice  is  usually 
the  optimal  system  performance  choice  for  modifying 
existing  aircraft  designs  to  conformal  carriage  systems. 
Obviously  design  of  a  new  aircraft  system  can  be  developed 
around  the  weapon  suits  to  be  carried. 

Rapid  turnaround  requirements  may  dictate  a  package 
loading  concept  in  which  a  structural  element  of  the  con¬ 
formal  carriage  could  be  loaded  with  weapons  independently 
of  the  aircraft  and  subsequently  quickly  interchanged  with 
a  similar  element  from  which  the  weapons  have  been  expended. 
Attachment  of  the  structural  assembly  to  the  aircraft  must 
then  be  simple,  reliable,  and  self  aligning.  The  optimal 
method  appears  to  be  a  hoist  assembly  integral  with  the 
conformal  carriage  module  and  separate  external  power 
source  usable  for  loading/unloading  many  aircraft. 

An  ideal  gear  train  concept  for  such  a  hoist  is  the 
harmonic  drive  system  developed  by  United  Shoe  Machinery 
Corporation.  Final  attachment  of  the  removable  conformal 
carriage  structural  modules  to  the  aircraft  should  be  over 
center  latches  similar  to  weapon  ejector  hooks  with  align¬ 
ment  pins  to  transmit  horizontal  shear  loads  across  the 
conformal  carriage/aircraft  interface.  The  alignment  pins 
should  be  conical  and  fit  into  conical  holes  to  provide 
precise  alignment  of  the  conformal  carriage  modules  with 
the  aircraft.  They  could  also  serve  as  master  locating 
points  for  factory  assembly  of  the  conformal  carriage 
modules . 

The  electrical  interface  between  the  aircraft  stores 
management  system  and  the  conformal  carriage  could  be  an 
umbilical  cord  for  each  removable  conformal  carriage  module. 
The  aircraft  stores  management  system  must  be  programmable 
to  release  the  weapons  in  one  of  several  sequences  to  pro¬ 
vide  sufficient  tactical  flexibility.  Generally  release 
should  begin  with  the  aft  most  weapon  in  a  given  sequence. 
Intervals  between  releases  from  a  conformal  carriage  may 
be  as  low  as  15  milliseconds  without  weapon  to  weapon  col¬ 
lisions.  Such  rapid  release  may  be  mandatory  in  supersonic 
attacks  since  at  Mach  1.5  at  sea  level  and  a  standard  day 
the  longitudinal  distance  traveled  between  15  millisecond 
weapon  releases  is  25  feet. 


The  advent  of  guided  glide  bombs  with  large  wings 
poses  conformal  carriage  problems  peculiar  to  this  type  of 
weapon.  Either  small  pylons  must  be  added  to  the  conformal 
carriage  surface,  the  weapon  wings  folded,  or  the  conformal 
carriage  surface  specially  shaped  to  adapt  to  the  weapon 
cross  section.  Drag  data  indicate  small  pylons  on  a  con¬ 
formal  carriage  are  preferable  to  wing  pylons  for  carriage 
of  these  large  wing  span  weapons.  The  maximum  aircraft 
speed  capability  is  only  attainable  through  'rue  conformal 
carriage  of  these  weapons  by  wing  folding  or  by  specially 
shaped  conformal  carriage  surfaces.  The  solution  chosen 
for  the  operational  conformal  carriage  F-4  is  weapon  wing 
folding  rather  than  special  shaping  of  the  conformal 
carriage . 

Figure  23  depicts  the  operational  conformal  carriage 
F-4E  as  deployed  to  a  TAC  base. 
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Figure  21  Operation*!  Conforms!  Carriage  F-4E 


ALL  WEATHER  SUPERSONIC  ATTACK  AVIONICS 


The  changes  required  in  the  F-4  avionics  system  to 
provide  all  weather  supersonic  actack  capability  and  to 
exploit  the  performance  gains  provided  by  conformal  car¬ 
riage  are  listed  in  Table  VII.  All  of  these  items  are 
required  by  F-4  ROC  12-72  and  would  be  satisfied  by  the 
capability  inherent  in  the  AN/ARN-101  system.  Additional 
capability  could  be  obtained  through  incorporation  of 
the  items  given  in  Table  VIII.  True  supersonic  attack 
capability  for  the  F-4  cannot  be  obtained  through  incorpora¬ 
tion  of  the  items  in  Table  VII  unless  the  aircraft  is 
modified  to  a  conformal  carriage  configuration  or  the 
external  stores  are  limited  to  only  those  carried  on  the 
fuse lage . 


TABLE  VII 

F-4  ROC  12-72  Avionics  Changes 

1.  ASN-46  Navigation  Computer 

2.  LN-12  Inertial  System 

3.  ASQ-91  Ballistic  Computer 

4.  ASG-22  Optical  Display  Unit 

5.  Associated  Controls  &  Displays 

Items  i  through  5  could  be  replaced  by  AN/ARN-101  installa¬ 
tion  which  integrates  items  6,  7,  and  8  into  a  single  system. 

u .  LORAN  Navigation  System 

Tnis  system  is  an  integrated  LORAN/ inertial -prime  sensor 
system  and  includes  the  capability  for  bombing  in  both  visual 
and  all  weather  conditions.  Release  points  can  be  determined 
through  Radar,  LORAN,  Inertial,  and  LORAN  Inertial  Navigation 
and  bomoing  methods.  In  addition  this  system  includes  capa¬ 
bility  for  continuous  computing  the  impact  point  { CC 1 1* ) 

Dive,  Dive-toss,  and  offset  bombing  modes.  It  also  accepts 
input  data  from  the  air  data  computer ,  fire  control  radar, 
and  optical  tar not  trackers  such  as  TISEQ,  Pave  Penny  and 
Pave  Spike.  The  expected  weapon  delivery  capability  of  this 
system  for  visual  low  speed  subsonic  releases  is  7  mils  or 
better  provided  the  weapons  are  released  singly  from  each 
aircraft  store  station.  The  errors  induced  by  sequentially 
releasing  weapons  from  the  same  pylon  store  station  can  be 
very  great  due  to  the  elastic  behavior  of  the  pylon  from 
which  the  store  is  released. 


7. 


Digital  lnurti.il  Navigation  System 


The  digital  T.N.S.  is  a  highest  state  of  the  irt  system 
with  expected  drifts  less  than  1.0  NM/hr  for  LORA:;  Naviga¬ 
tion  System  Sensors. 

8.  Digital  Computer 

This  equipment  may  u i the  computation  f ur.ct  i  -ns 

for  tne  LORAK  Navigation  System  ana  Weapon  Deliver’,  se  juvn  'e 
tt  requires  low  .input  power  ana  has  hard  memory  ou...  id j  ;  . f  y , 
read/write  .apability  and  can  bo  readily  doubled  a  star  in¬ 
capacity. 

TABLE  VI II 

Additional  Improvements  Feasible  for  F-4 

1.  Improved  Air  Data  Computer  with  higher  accuracy  veloc¬ 
ity  measurements  for  low  altitude  high  speed  flight. 


2. 


Electronic  HUD 


Improved  displays  for  precision  weapon  delivery  at 
supersonic  speeds. 


3. 


FI.  TK 


Provides  visual  search  and  target  acquisition  capabil¬ 
ity  at  night. 

4.  improved  Radar  Bombing  Capability 

Higher  performance  and  resolution  radar  for  weapon 
delivery  under  all  conditions  except  extremely  low  altitude. 

5.  Terrain  rol lowing/Terr a in  Avoidance  (TF/TA) 

This  equipment  is  necessary  if  the  extreme  low  altitude 
missions  are  to  be  performed  by  the  F-4. 

6.  VTAS/TISKO  System 

Slaving  TJSHO  to  VTA3  (Helmet  mounted  sight)  will 
enhance  system  performance  when  attacking  targets  of 
opportunity. 

7.  DAIS  Stores  Management  Technology 

The  existing  F-4  stores  management  system  is  not  <i  dig¬ 
ital  system  and  could  be  replaced  by  a  system  more  cosapati&is 
with  the  digital  equipment  in  AS/ARK-101. 
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The.  improved  capability  inherent  in  Table  VT1  item? 
may  be  incorporated  in  the  existing  F-4  fleet  before  the 
aircraft  become  obsolete  while  the  more  developmental  nature 
of  the  Table  VIII  items  might  preclude  their  operational 
use  in  the  r'-4's. 


A  preliminary  design  for  a  high  performance  strike 
fighter  using  conformal  carriage  methodology  is  illustrated 
in  Figure  24.  The  bottom  of  the  aircraft  is  contoured  to 
provide  conformal  carriage  of  the  weapons  shown  in  Table  IX. 
The  design  weapon  suits  were  items  1  through  6  which  set 
the  ejector  location  pattern.  Addition  of  4  oblique 
mounted  30  inch  ejectors  permits  a  maximum  weapon  load  of 
6  MK-84  bombs.  Weapon  Suits  7  through  15  also  fit  within 
the  ejector  matrix. 

TABLE  IX 

Advanced  Strike  Fighter  Weapon  Loads 

1.  Condor  and  Pod 

2.  2  MK-84  Laser  Guided  Bombs 

3.  2  Extended  Range  Walleye  II 

4.  9  Rockeye  II  or  A PAM 

5.  9  MK-82  Bombs 

6.  6  MK-S3  Bombs 

7.  6  MK-84  Bombs 

8.  2  Harpoon 

9.  5  MK-77  MOD  4  Fire  Bombs 

10.  5  CBU-72/B  FAK  Bombs 

11.  o  SUU-30  Dispensers 

12.  6  ASP 

13.  4  MK-82  Laser  Guided  Bombs 
H.  4  MK-8  3  Laser  Guided  Boinbss 


&K« 


EQ 


Guided 


Bombs 


the  lower  surfae# .is  t«  accept  ■  two  AIM-7 

Sparrow  I r.st#ad  of  hams  for  zm  air  tt»  air  .mission. 

Thy-  it ranged  'around  th«  weapon 

ejector  pattern  to minima  ft  ?  iiciufttl  load  paths', 
thn  U  ^180  'sle^ned  tor  servicing- through  t$m 

mno  vhosl  wit.  and  the  body  site  -  interference 

wtfcfe  w&p&n  la^ls  - '  TN?  vm&sm  -ejeetgrg.  are' 
on  a  r&s@Va&le-  structure  which  'is  unbolted  for  engine 
■rmmval.'  Figure  illustrate®  th#  stru^wai  arrange* 
ment<  the  stations  snd  s^rvlw 

points  while  Tattle  %  lists  she  design  data.  $h§  pro»i©ct@.d 
tti  this,  vehicle  m  ormp  a  red  to  that  an-  h-  ? 

in  ■  Figure  - 16*  Ibe  issc-aet  of  ccmTorsaa  J  earriaife  technology 
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on  the  payload  range  curve  for  an  advanced  strike  fighter 
is  evident  in  Figures  27  and  28.  At  short  ranges,  aircraft 
drag  is  unimportant  and  wing  mounted  multiple  weapon 
stations  are  optimal.  As  mission  ranges  increase  weapons 
must  be  traded  for  fuel  and  soon  the  lower  drag  of  con¬ 
formal  carriage  dominates  the  payload  range  calculations. 


TABLE  X 

Advanced  Strike  Fighter 


Geometry 

Wing 

Vertical 

Stabilizer 

Horizontal 

Stabilizer 

Area  (Sq  Ft) 

518.3 

69.1 

73.2 

Aspecc  Ratio 

3.09 

1.06 

2.53 

Taper  Ratio 

0.71 

0.20 

0.22 

Sweep  @  C/4  (Deg.) 

38.0 

34.5 

26.5 

Incidence  (Deg.) 

2.0 

0.0 

0.0 

Dihedral  (Deg. ) 

0.0 

0.0 

10.0 

Root  t/c  (%) 

5.5 

5.5 

5.5 

Tip  t/c  (%) 

3.5 

3.5 

3.5 

Root  Chord  (Inches) 

258.0 

161. 0 

106.0 

Tip  Chord  (Inches) 

53.0 

33.0 

23.0 

MAC  (Inches) 

178.02 

111.08 

73.40 

Span  (Feet) 

40.0 

8.54 

13.62 

Tail  Arm  (Inches) 

— 

181.5 

236.2 

Tail  Vol  Coeff. 

— 

.  054 

.  187 

T/c  @  MAC 

3.5 

3.5 

3.5 

Flap  Are" 

34.7 

Sq 

Ft 

Flaperon  Area 

55.6 

Sq 

Ft 

Speed  Brake  Area 

148.0 

Sq 

Ft 

Rudder  Area 

19.8 

Sq 

rt 

Operating  Weight 
Armament  Max. 

Internal  Fuel  Max. 

Max  T.O.  Gross  Weight 

Propulsion  F-1Q1-1QC 


24,400  Lbs 
13,810  Lbs 
15,800  Lbs 

47,41,'  Lbs. 

30,000  S.L.S.T, 
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Figure  24.  Advanced  Carrier  Attack  Fighter 


Figure  25.  Structural  Arrangement  Advanced  Carrier  Attack  Fighter 
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CONCLUSIONS 


Conformal  carriage  is  considered  a  mature  technology 
as  applied  to  the  P-4 .  Further  engineering  development 
for  the  P-4  conformal  carriage  is  unnecessary.  Applica¬ 
tions  of  the  technology  to  other  existing  designs  such  as 
P-5,  F-14,  F-15,  P-16,  F-18,  and  Mirage  F-l,  and  Jaguar 
requires  development  work  and  engineering  design  studies 
prior  to  production  modification.  The  technology  will 
undoubtedly  be  incorporated  in  all  new  hiqh  performance 
long  range  attack  aircraft.  Although  intrinsically  the 
same,  each  such  application  will  be  unique  due  to  the 
diversity  in  engineering  teams  'throughout  the  industry. 
However,  ail  new  designs  will  benefit  from  the  use  of 
this  technology. 

Operational  use  of  supersonic  weapon  delivery  tech¬ 
niques  will  require  development  of  supersonic  weapon 
ballistic  data  which  therefore  implies  actual  supersonic 
weapon  releases.  Presently  aircraft  capable  of  releasing 
external  stores  at  speeds  above  1.3  in  level  flight  are 
not  available  for  use  in  acquiring  the  necessary  ballistic 
data  and  will  be  required  before  the  operational  use  of 
the  expanded  flight  envelope  can  be  exploited. 
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AG  ARP  F.D.P.  WORKING  GROUP  ON 
DRAG  AND  OTHER  AERODYNAMIC 
EFFECTS  OF  EXTERNAL  STORES 
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ABSTRACT  (U) 

Considerable  work  has  been  done  in  the  U.K,  towards  reducing  the 
drag  of  external  stores,  but  there  are  limits  to  the  data  that  can  be 
produced,  or  the  improvements  that  can  be  made  in  any  single  country  of 
NATO.  Following  a  suggestion  by  the  U.K.  Ministry  of  Defence,  the 
Fluid  Dynamics  Panel  of  AG ADD  set  up  a  Working  Group  which  now  has 
members  from  seven  countries  (with  representatives  from  the  FKP  and  SIT) 
to  report  on  the  drag  and  other  aerodynamic  effects  of  external  stores. 
This  group  is  compiling  recommendations  on:  drag,  flying  qualities, 
delivery  accuracy,  structural  integrity,  performance  and  manoeuvrability, 
for  a  report  to  be  issued  by  the  end  of  1976 • 

This  work  has  been  carried  out  with  the  support  of  Procurement  Execu¬ 
tive,  Ministry  of  Defence,  United  Kingdom 

Approved  for  public  release;  distribution  unlimited 


INTRODUCTION 


When  I  was  working  on  the  basic  design  philosophy  for  the  wing 
of  the  "Harrier"  VTOL  fighter  I  was  trying  to  determine  the  relative 
importance  of  different  features,  so  as  to  be  able  to  devise  the  best 
wing.  We  may  wish  to  reduce  the  weight  and  drag  of  the  wing,  improve 
manoeuvrability  and  so  on  -  but  as  usual  improving  one  feature  may 
worsen  another  (for  example  increasing  the  wingspan  to  improve 
manoeuvrability  increases  the  weight,  and  fitting  leading-edge  droop 
would  increase  cost).  How  does  one  balance  drag  against  weight,  ride 
quality  or  cost?  Oae  is  driven  back  to  the  aim  of  the  game:  effective¬ 
ness  to  cost  ratio  -  even  if  these  quantities  are  not  always  easy  to 
predict.  The  same  conclusion  applies  to  the  various  effects  of 
external  stores,  as  we  will  see. 

To  any  aerodynamicist  who  has  struggled  to  optimise  the  wings  of  an 
aircraft  by  careful  design  and  meticulous  attention  to  detail,  it  can  be 
galling  to  find  that  typical  ground  attack  aircraft  carry  store  drags  of 
the  same  order  of  magnitude  as  the  drag  of  the  entire  clean  aircraft. 

So  there  has  been  considerable  work  towards  reducing  store  drags. 

Now,  much  more  is  known  about  reducing  store  drag  (as  well  as  other 
effects)  some  of  which  you  will  learn  from  Mr.  Barry  Hainea,  and  we  have 
the  AGARD  Working  Group  which  is  pooling  the  knowledge  and  work  of  seven 
countries  in  an  effort  to  recommend  to  NATO  how  external  stores  (includ¬ 
ing  their  carriers)  should  be  modified  so  our  air  forces  will  have  more 
effectiveness  and  less  cost. 


AIMS  AND  APPROACH  OF  THE  WORKING  GROUP 


Terms  of  Reference 


The  terms  of  reference  adopted  by  the  Working  Group  and  approved 
by  the  AGARD  National  Delegates*  Board  are  as  follows: 

"To  study  means  for  reducing  the  drag  and  other  aerodynamic  penalties 
associated  with  carrying  external  stores  on  both  current  and  future 
aircraft,  and  thua  improving  their  operational  capability.  To  study 
the  effects  of  externally  carried  stores  on  the  aerodynamic  and 
aeroelastio  behaviour  of  the  aircraft/store  combination,  including 
release.  To  review  the  status  of  the  relevant  technological  areas, 
to  assess  future  prospects  and  poesibilitiea,  and  to  identify 
promising  areas  far  research  and  developaent". 
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It  is  intended  to  have  the  final  report  printed  and  delivered  to 
the  Military  Committee  of  NATO  before  the  end  of  1976.  The  members  of 
the  Group  are  cleared  to  handle  material  classified  NATO  SECRET,  but 
the  classification  of  the  report  has  not  yet  been  decided. 

Membership 

The  membership  comprises  three  groups:  (1)  the  chairman  and  6  or 
7  members  nominated  by  Fluid  Dynamics  Panel  members  of  participating 
countries,  (2)  two  representatives  nominated  by  the  AGARD  Flight 
Mechanics  Panel  and  (3)  two  representatives  of  the  AGARD  Structures  and 
Materials  Panel.  Individual  members  may  change,  and  deputising 
arrangements  are  flexible,  but  at  the  moment  the  membership  is  as  listed 
in  figure  1. 

Format  of  Report 

The  provisional  format  of  the  eventual  report  and  the  members  who 
will  compile  and  edit  the  chapters  are  shown  on  Figure  2.  Apart  from 
the  introduction  and  conclusions,  each  chapter  of  the  report  will  be  in 
the  nature  of  a  critical  review  of  the  state  of  the  art,  leading  to 
conclusions  and  recommendations  for  that  part  of  the  field.  Adequate 
data  will  be  quoted  to  illustrate  each  argument,  but  it  is  not  intended 
that  the  report  will  contain  a  compendium  of  data, 

ASSESSMENT  CF  BENEFITS 


Each  specialist  working  in  his  own  area  is  liable  to  think  (and 
probably  correctly)  that  an  improvement  in  the  quality  he  looks  after 
is  "A  GOOD  THING":  less  drag,  better  stability,  a  more  accurately 
predicted  trajectory,  .and  so  on.  However,  difficulties  arise  when 
they  try  to  get  somebody  else  to  invest  money  in  achieving  this  new  increase 
of  effectiveness  or  reduction  of  overall  cost. 

"I  have  no  doubt  that  your  'planes  would  fly  better  after  the  stores 
have  been  modified,  but  the  stores  on  the  shelves  have  cost  a  lot  of 
money,  and  altering  them  will  cost  a  lot  more"  is  the  sort  of  response 
one  can  imagine.  Buch  a  response  is  not  unreasonable,  so  long  as  it  is 
recognised  that  the  whole  idea  of  making  improvements  is  to  save  money, 
and  there  must  be  some  particular  amount  of  improvement  which  will  make 
it  worthwhile  to  incorporate  the  modifications.  Human  nature  being 
what  it  is,  the  man  who  wants  the  improvements  made  had  better  start 
talking  in  the  right  language:  money.  That  is  a  bit  tough,  because  no 
one  has  given  the  aerodynamicists  any  generally  accepted  conversion  factors. 
Consequently  we  have  to  try  to  arrive  at  come  approach  for  assessing 
the  value  of  various  sorts  of  improvements. 

In  Europe,  at  least,  it  is  common  to  assume  that  the  effectiveness 
should  be  assessed  on  the  assumption  of  a  short  and  intensive  war  (in 
which  most  of  our  aircraft  are  lost).  While  the  coats  are  assessed  on  the 
assumption  of  peace-time  training. 
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On  this  basis,  the  effectiveness  relates  to  the  number  of  targets 
destroyed,  and  the  cost  relates  to  the  cost  of  aircraft,  supplies  and 
weapons  lost  or  used  up« 

Goinm  through  the  list  of  chapters,  one  may  see  that  each  feature 
considered  can  be  related  to  targets  hit  or  aircraft  and  weapons  lost,  in 
a  variety  of  possibilities. 

(it  should  be  noted  that  in  Europe  the  ground-attack  role  is  regarded 
as  primary).  Reduced  drag,  for  instance,  could  result  in  less  cost 
of  fuel  in  peacetime  or,  in  wartime,  greater  range  and  therefore  more 
target-opportunities,  or  shorter  take-off  distance  for  given  range,  or  a 
lighter  and  cheaper  new  design  of  aircraft.  Flyin*  qualities  affect 
the  accuracy  of  weapon  delivery  and  also  attrition  rates  (both  in 
practice  and  in  war).  Structural  integrity  affects  accidental  losses, 
the  margins  of  mass  built  in  to  allow  for  ignorance, or  the  cost  of 
computations  or  measurements  to  remove  that  ignorance.  Performance 
and  manoeuvrability  affect  attrition  and  the  capability  of  turning  to 
attack  targets,  as  well  as  the  area  of  potential  targets. 

Drag  Reduction 

To  illustrate  the  problem  of  assessing  drag  reduction  let  us 
consider  various  ways  of  cashing  the  benefit  of  a  typical  realistic 
improvement:  a  reduction  of  20$  of  the  overall  drag  of  an  aircraft  - 
plus  stores  configuration. 

If  this  reduction  were  achieved  on  stores  carried  only  on  the 
outward  leg  of  sorties,  the  fuel  consumption  is  typically  reduced  by 
about  6$,  while  if  it  were  made  on  permanently-carried  stores  or  pylons 
the  reduction  of  fuel  consumption  would  be  around  12$  for  a  given 
short  range.  At  present  fuel  prices  these  amount  to  roughly  1.3$  to 
2.6$  of  the  cost  of  buying  the  aircraft  -  but  it  can  be  guessed  that  in 
the  next  10  years  or  so  fuel  prices  may  triple  in  real  terms. 

If  the  reduction  of  drag  were  applied  to  increase  the  radius  of 
action,  the  area  coverage  (and  consequently  the  probable  number  of  target 
opportunities)  would  be  increased  by  about  12$  to  .  Alternatively, 
the  drag  reduction  may  be  used  to  allow  a  higher  penetration  speed  (by 
perhaps  0.05  Mach  number).  Attrition  rates  vary  fairly  sensitively 
with  speed,  and  this  increase  of  speed  on  the  outward  legs  of  sorties 
may  allow  perhaps  6';.  to  8.  more  missions  before  losing  the  aircraft. 

Lower  drag  also  implies  more  specific  excess  power  for  manoeuvring, 
and  this  will  afford  more  capability  of  turning  to  attack  targets  and 
more  capability  of  avoiding  attrition. 

In  addition  to  the  cost  reductions  and  effectiveness  increases 
just  discussed,  there  are  additional  cost*  savings  available  nt  the 
time  of  designing  a  new  aircraft.  A  few  simple  studies  suggest  that 
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designing  for  the  reduced  drag  would  reduce  the  mass,  cost  and  lifetime 
fuel  of  the  new  aircraft  by  roughly  2,.  to  4/- ,  in  addition  to  the  benefits 
previously  discussed. 

Clearly  the  improvements  of  effectivoness/cost  vary  according  to 
when  they  are  made,  how  much  of  the  time  they  are  carried,  and  whether 
they  are  applied  to  existing  aircraft  or  new  designs.  Taking  middle 
values  for  the  ranges  quoted,  and  fuel  at  double  present  costs,  the 
improvement  of  effectiveness/cost  ratio  seems  to  centre  around  3 1$  for 
existing  aircraft  and  about  34-375-  for  new  designs.  There  will  be  room 
for  argument  about  the  magnitudes  of  the  benefits  discussed  here  -  but 
it  seems  fair  to  claim  that  a  20','  reduction  in  overall  drag  may  lead 
to  future  improvements  of  aircraft  effectiveness/cost  ratio  in  the  order 
of  305-  or  more. 

The  argument  so  far  has  not  introduced  the  cost  of  modifications 
designed  to  secure  the  benefits  discussed.  At  a  guess,  the  entire 
stocks  of  external  stores  per  aircraft  costs  around  a  quarter  or  a 
third  of  the  cost  of  the  aircraft,  and  the  modifications  considered 
could  not  cost  more  than  a  modest  fraction  of  that  amount  -  particularly 
for  new  build.  It  follows  that  there  are  substantial  net  benefits 
that  could  be  achieved  by  drag  reduction,  particularly  on  new  designs 
of  stores  and  aircraft.  Hopefully,  the  Working  Group  will  produce 
recommendations  which  will  clarify  this  situation  further. 

Accuracy  of  Delivery 

In  some  circumstances  the  effectiveness  of  the  air  force  is  very 
sensitive  to  accuracy.  For  example  consider  a  European  ground-attack 
scenario,  in  which  the  attrition  rate  is  high,  demanding  very  low  level 
attack  at  high  speed.  Under  such  circumstances  the  probability  of 
destroying  a  small  target  with  unguided  bombs  after  a  perilous  outward 
run  may  be  perhaps  %,  Clearly,  any  improvements  of  technique  that 
raise  the  probability  to  105  or  40?<1  would  multiply  the  effectiveness  of 
the  airforce  for  such  missions  by  factors  of  2  or  8  respectively. 

Clearly  there  can  be  very  big  benefits  for  "smart"  weapon  delivery 
systems,  and  it  seems  reasonable  to  suppose  that  as  time  goes  on  the 
external  stores  will  increasingly  become  "smarter",  with  oil  the 
aerodynamic  implications.  However,  it  is  not  necessarily  the  store 
itself  that  needs  to  get  smarter  -  for  there  are  many  features  of  the 
aircraft/store  combination  that  may  degrade  or  enhance  the  capability 
of  an  aircraft  to  delivery  weapons  accurately:  such  as  stability,  control 
and  gust  ride  on  the  way  in;  manoeuvrability  in  the  target  area;  and 
release  disturbances  both  to  the  aircraft  and  the  weapon  (remembering  that 
there  have  been  cases  where  guided  weapons  lost  "lock-on"  due  to  release 
disturbances) . 

The  working  group  is  not  equipped  to  develop  these  notions  into 
defined  operational  analysis  techniques,  but  it  is  felt  that  without  thee 
the  task  of  assesssent  would  be  very  vague. 
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FUTURE,  PROGRAMME  of  the  working  group 


The  members  of  the  working  group  are  now  planning  their  respective 
chapters.  They  are  looking  out  for  all  ideas  relevant  to  the 
recommendations  they  have  to  compile,  both  in  their  own  countries  and 
at  meetings  (such  as  this  one)  where  the  experts  come  to  share  their 
thoughts.  By  the  middle  of  February  next  year,  the  members  should 
have  sketched  out  the  main  themes  of  their  chapters.  By  the  end  of 
Hay  (hopefully)  a  draft  of  the  report  should  be  emerging,  which  allows 
the  summer  for  mutual  editing. 

The  members  have  knowledge  from  their  own  working  backgrounds,  but 
forming  knowledge  and  ideas  can  be  like  breeding  plants  that  grow  and 
adapt  by  feeding  on  other  ideas,  and  sometimes  a  new  variety  emerges. 

That  is  why  we  are  here.  That  is  why  I  have  " flown  a  kite"  to 
tell  experts  what  we  are  trying  to  do.  Like  Benjamin  Franklin,  I  hope 
to  attract  some  high-voltage  sparks  to  my  kite  -  that  will  help  to  s  v 
our  conclusions.  The  more  ideas  we  receive,  the  more  will  our 
recommendations  reflect  them. 
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ABSTRACT.  (U)  The  performance  envelopes  of  some  present-day  aircraft 
have  been  restricted  by  temperature  limitations  on  the  stores.  A  two-phase 
program  is  currently  in  progress  to  provide  the  technology  required  to  expand 
aircraft/stores  flight  envelopes.  The  flight  test  phase  of  this  project  includes 
temperature  and  heat  transfer  rate  measurements  on  a  BDU-12  mounted  on  the 
inboard  pylon  of  an  F-lll.  These  data  will  be  used  to  substantiate  the  pro¬ 
cedures  for  extrapolation  of  wind  tunnel  data  to  flight  conditions.  The  extrapola¬ 
tion  procedures  are  discussed  as  well  as  the  test  hardware  and  typical  flight 
tost  results. 


1The  research  roported  heroin  was  conducted  by  the  Arnold  Engineering 
Development  Center,  Air  Force  Systems  Command  under  sponsorship  of  the 
Armament  Development  and  Test  Center.  Results  were  obtained  by  personnel 
of  ARO,  Inc. ,  contract  operator  of  AEDC.  Further  reproduction  is  authorized 
to  satisfy  needs  of  the  U.  S.  Government. 
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NOMENCLATURE 

Cp  Specific  heat  of  air  at  constant  pressure  ( «  0. 24  Btu/lbm-°R) 

L  BDU  length,  in. 

Moc  Free- stream  Mach  number 

n  Exponent  in  correlation  parameter  (see  equation  4) 

q  Heat-transfer  rate,  Btu/ft^-sec 

Re^  l  Free-stream  Reynolds  number  based  on  BDU  length  (118.5  in.  for 
flight,  7.  9  in.  for  wind  tunnel) 

Re  v  Reynolds  number  based  on  free-stream  conditions  and  x. 

St  Stanton  number,  q/p^  Cp  (Tr  -  Tw) 

Tr  Recovery  temperature,  °R  or  °F  as  noted 

T0  Total  temperature,  °R  or  °F  as  noted 

Tw  Model  wall  temperature,  °R  or  °F  as  noted 

T^  Free-stream  static  temperature,  °F 

Free-stream  velocity,  ft/sec 

x  Longitudinal  centerline  distance  from  BDU  nose,  in. 

Free-stream  density,  slugs/ft3 

Free-stream  viscosity,  lbm/ft-sec 

(6  „  Circumferential  position  on  BDU,  deg  (see  Fig.  5) 
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INTRODUCTION 


At  the  first  Aircraft/Stores  Compatibility  Symposium,  Epstein  (Ref.  1)  dis¬ 
cussed  supersonic  carriage  of  conventional  weapons.  He  pointed  out  that  the 
performance  envelope  of  present-day  aircraft  can  be  severely  limited  by  ex¬ 
ternal  stores  as  illustrated  in  Figure  1.  Unfortunately,  these  limitations  are 
sometimes  imposed  by  "arbitrary  temperature  limits  on  the  store".  Most 
bombs  and  fuzes  have,  as  their  explosive  charge,  some  form  of  TNT  which 
melts  at  about  178°F.  To  avoid  this  possibility  the  aircraft  speed  is  restricted. 
However,  to  predict  the  actual  temperature  of  the  TNI’  in  flight,  one  must  know 
the  following: 

1.  The  maximum  temperature  attainable  (i.  e. ,  Tr,  see  Fig.  1)  and  the 
length  of  time  at  a  given  flight  condition. 

2.  The  rate  at  which  heat  is  being  transferred  to  the  store  (i.  e. ,  the  heat 
transfer  rate,  q). 

3.  The  thermophysical  properties  of  the  store  so  that  a  heat  conduction 
solution  can  be  obtained. 


Of  these,  the  heat-transfer  i*ate  is  the  hardest  to  determine. 


Within  recent  years,  a  wind  tunnel  technique  has  been  developed  to  measure 
heat-transfer  rates  on  pylon  mounted  stores.  This  technique  is  described  in 
Ref.  2  and  at  the  last  Aircraft/Store  Compatibility  Symposium,  Matthews,  et  al 
(Ref.  3)  discussed  the  application  of  these  wind  tunnel  results  to  actual  flight 
conditions.  Figure  2  is  a  schematic  illustrating  Urn  extrapolation  procedures. 
Determination  of  the  proper  aerodynamic  scaling  law  is  a  vital  link  in  these  pro¬ 
cedures.  Theoretical  considerations  have  been  used  to  establish  the  sealing  re¬ 
lationship  to  extrapolate  from  wind  tunnel  conditions  to  flight  conditions.  How¬ 
ever,  to  substantiate  this  scaling  relationship  a  research  project  is  presently  in 
progress  at  the  von  Karman  Facility  (VKF)  of  AEDC  under  the  sponsorship  of 
A  FATE.  The  scope  of  this  project  includes  both  flight  tests  mid  wind  tunnel 
tests  of  a  Bomb  Dummy  Unit  (BDU)  mounted  on  the  inboard  pylon  of  an  F-lll. 
The  wind  tunnel  phase  is  being  conducted  in  the  40  x  40-in.  continuous  flow  tun¬ 
nel  of  the  VKF  (Tunnel  A).  The  flight  test  phase  is  being  conducted  at  Edwards 
Air  Force  Base  and  is  a  "piggyback"  effort  connected  with  project  DAME*  (De¬ 
termination  of  Aircraft  Missile  Environments).  This  paper  discusses  the  work 
that  is  presently  being  done  at  Edwards  in  terms  of  Uieoretical  considerations, 
experimental  apparatus,  and  results  to  date. 


1  Project  DAME  was  originated  by  Mr.  Lee  Meyer  and  is  presently  being  moni¬ 
tored  by  Lt,  Michael  Bond,  AFKPL/MKMA. 
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THEORETICAL  CONSIDERATIONS 

A  computer  code  for  the  solution  of  the  store  interference  flow  field  is 
presently  being  developed  at  Lockheed,  Huntsville.  The  complexity  of  the  flow 
field  was  illustrated  by  the  flow  visualization  photographs  presented  in  Ref.  3. 
Because  of  the  flow  field  complexity  these  theoretical  calculations  are  ex¬ 
tremely  difficult.  Conversely,  the  calculations  of  the  flow  field  about  a  store 
in  an  interference -free  flow  field  are  relatively  straightforward  and  can  pro¬ 
vide  an  insight  as  to  the  proper  aerodynamic  scaling  law. 

To  investigate  the  significant  parameters  and  to  guide  the  experimental 
work,  the  Spalding-Chi  turbulent  heating  method  (Ref.  4)  has  been  utilized. 
Calculation  of  the  Stanton  number  distribution  on  the  BDU  were  made  for  condi¬ 
tions  corresponding  to  those  of  the  wind  tunnel  test  and  for  conditions  corre¬ 
sponding  to  those  of  the  flight  test.  These  specific  conditions  are  summarized 
below. 

wind  tunnel  flight 

2. 0  2. 0 

7. 90  (1/15  scale)  118. 5 

6. 32  x  106  47.  2  x  106 

0.75  -  0.96  0.60  -  0.96 

The  results  of  these  calculations  are  presented  in  Fig.  3  in  terras  of 
Re  v.  The  effect  of  wall  temperature  variation  is  within  the  estimated  pre- 

cc  f  A 

cision  of  the  experimental  data  pad  therefore  this  effect  can  be  neglected. 

The  Reynolds  number  difference  attributable  to  the  relatively  small  model 
size  can  be  correlated  by  use  of  the  equation 

St  (ReWtX)n  =  const 
or 

[sidle  x)n]  =  [st(Ke  x)ul 

b  **'x  J  wind  tunnel  b  °°,x  ^flight 

For  turbulent  boundary  layers  the  classical  value  of  n  is  0, 2  (i.e. ,  1/5). 
However,  by  utilizing  the  send -empirical  Spalding-Chi  solutions,  it  is  possible 
to  determine  the  value  of  n  for  the  specific  conditions  of  current  interest. 

Consider  a  given  nondimensiooal  location  on  the  BDU  (e.g. ,  x/L  «  9. 3). 
For  this  location 


(1) 

(2) 


(3) 


stfit  = 


Since  the  Reynolds  numbers  are  known  and  the  Stanton  numbers  can  be  ob¬ 
tained  from  the  Spalding-Chi  solutions,  the  only  unknown  in  this  equation  is  n. 
The  best  value  of  n  for  0. 05  <  x/L  <  0. 45  was  determined  to  be  0. 17  and  the 
correlation  obtained  by  using  this  value  is  illustrated  in  Fig.  4. 


It  should  be  emphasized  that  the  above  results  are  based  on  interference- 
free  flow  field  calculations  and  the  actual  correlating  equation  developed  from 
experimental  data  may  be  somewhat  different  than  that  shown  in  Fig.  4;  how¬ 
ever,  the  basic  form  should  remain  the  same.  That  is 


(4) 


where  n  a  0. 17. 


EXPERIMENTAL  APPARATUS 

As  mentioned  in  the  introduction,  the  flight  test  phase  of  this  project  is  be¬ 
ing  conducted  on  a  "piggyback"  arrangement  with  Project  DAME  at  Edwards 
AFB.  Project  DAME  utilizes  an  internal  data  recording  system  to  record  inert 
propellant  stress  and  strain  data  and  some  preliminary  results  of  this  project 
are  presented  in  Ref.  5. 

Additional  instrumentation  has  been  installed  by  AEDC/VKF  personnel  so 
that  the  heat  transfer  scaling  law  derived  in  the  previous  section  can  be  sub¬ 
stantiated.  The  location  and  type  of  instrumentation  installed  is  illustrated  in 
Fig.  5.  The  primary  instrumentation  consists  of  13  heat  gages.  Eaeh  gage 
measures  both  the  heating  rate  (q,  litu/ft^-hr)  and  the  wall  temperature.  A  de¬ 
tailed  description  of  die  so  gages  and  the  data  reduction  technique  is  presented 
in  Ref.  6.  Secondary  instrumentation  consisted  of  coaxial  surface  thermo¬ 
couples  (described  in  Ref.  6)  and  backside  thermocouples  to  measure  Urn  tem¬ 
perature  differential  across  the  "skin  thickness"  of  the  BDU.  Also  installed  in 
the  BDU  was  a  pressure  package  for  measuring  the  differential  pressure  in  the 
pitch  and  yaw  planes  at  x/L  a  0. 05.  The  purpose  of  these  measurements  is  to 
obtain  relative  flow  angularity  data. 

The  data  acquisition  system  is  described  in  Refs.  7  and  8;  however, 
several  changes  lave  been  made  since  the  system  was  originally  installed.  In 
general,  the  instrumentation  outjjut  signals  are  connected  to  a  pulse  amplitude 
modulation  (PAM)  system  and  recorded  on  tape.  The  tape  system  is  mounted 
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inside  the  BDU  and  controlled  by  an  on/off  switch  on  the  co-pilots  side  of  the 
cockpit.  There  are  approximately  12  minutes  of  record  time  available  which 
means  that  the  recorder  is  turned  on  only  at  discrete  intervals  during  the  flight. 

A  photograph  of  the  BDU-12  installed  on  the  left  inboard  pylon  of  a  F-111D 
is  presented  in  Fig.  6.  The  peculiar  looking  radial  strips  on  the  front  half  of 
the  BDU  are  Tempilaq®  paint  strips.  Tempilaq  paint  changes  phase  from  a 
solid  to  a  liquid  (melts)  at  a  specified  temperature.  The  paints  consist  of  cali¬ 
brated  melting  paint  materials  suspended  in  an  inert  carrier.  The  specific 
paint  temperatures  used  in  the  photograph  were  300,  250,  200,  and  150°F. 
These  paints  are  commonly  used  in  wind  tunnel  testing  to  obtain  heat  transfer 
data  (Ref.  9).  The  use  of  these  paints  in  flight  testing  will  be  discussed  in  the 
next  section. 

Perhaps  one  of  the  more  important  results  of  this  pi'oject  has  been  the  ap¬ 
plication  of  wind  tunnel  technology,  such  as  the  phase-change  paint  and  the  heat 
gages,  to  the  aircraft/store  compatibility  field. 

RESULTS  AND  DISCUSSION 

To  date  only  a  limited  amount  of  flight  test  data  have  been  obtained  and  by 
far  the  most  dramatic  has  been  the  data  obtained  using  the  phase  change  paint. 
These  data  are  presented  in  Fig.  7.  The  most  interesting  aspects  of  these 
pictures  is  not  the  temperature  level  but  the  flow  patterns  which  are  clearly 
illustrated  by  the  melted  1S0°F  paint.  These  patterns  correspond  to  local 
streamlines  and  are  produced  as  the  paint  melts  and  the  local  shear  forces 
cause  the  melted  paint  to  flow.  The  paint  melts  when  the  wall  temperature 
reaches  the  specified  temperature  (e.  g. ,  150°F)  which,  of  course,  does  not 
occur  until  the  aircraft  accelerates  significantly  above  Mach  1  producing  re¬ 
covery  temperatures  greater  than  150°F.  Of  particular  interest  are  the  flow 
disturbance  patterns  produced  by  the  shock  off  the  pylon,  and  by  the  sway 
braces.  It  is  also  important  to  note  that  the  Mach  number  reached  during  this 
flight  was  2. 5.  This  clearly  demonstrates  that  supersonic  carriage  of  large 
stores  can  be  accomplished  with  present-day  aircraft.  Surely,  Lie  "arbitrary 
restriction"  of  this  capability  should  be  avoided  on  the  coming  generation  of 
aircraft  if  the  technology  is  available  to  remove  this  restriction. 

Illustrated  in  Fig,  8  is  Urn  difference  between  the  Reynolds  number  level 
obtainable  in  the  wind  tunnel  as  compared  to  that  of  the  full  scale  BDU  at  Bight 
conditions,  lids  Reynolds  number  difference  shows  the  significance  of  the 
sealing  relationship  (equation  4),  Also  shown  in  Fig*  8  are  the  two  test  points 
which  have  currently  been  completed  by  the  Bight  test  program.  Typical  data 
are  presented  in  Figs.  9  and  to.  Figure  9  shows  a  limited  amount  of  Bight 
test  data  compared  to  the  interference-free  Spalding-Chi  calculations.  The 
relatively  good  agreement  is  considered  faluitous;  however,  this  figure  does 
illustrate  the  application  of  the  .terrelatioa  parameter,  *7. 


The  temperature  rise  of  the  BDU  which  occurred  during  acceleration  to 
Mach  2  is  presented  in  Fig.  10.  The  temperature  differential  across  the  "skin 
thickness"  of  the  BDU  was  negligible.  Also  shown  are  the  ambient  temperature 
and  the  calculated  recovery  temperature,  Tr.  It  can  be  shown  that 

Tr  «  0. 96  T0 

where  T0  is  the  measured  total  temperature.  The  main  conclusion  from  these 
data  are  that  the  BDU  temperatures  reached  or  excesseri  178°F  within  the 
4  minutes  of  sustained  Mach  2  flight. 

CONCLUDING  REMARKS 

Flight  tests  of  an  instrumented  BDU-12  are  being  conducted  at  Edwards 
AFB  on  an  F-lll  aircraft.  To  date  only  a  limited  amount  of  data  have  been 
obtained;  however,  the  following  general  comments  can  be  made: 

1.  These  tests  have  demonstrated  that  supersonic  carriage  of  large 
stores  can  be  accomplished  with  present-day  aircraft  up  to  Mach  2. 5. 

2.  The  application  of  wind  tunnel  technology  to  the  aircraft/store  com¬ 
patibility  field  has  been  demonstrated. 

3.  The  BDU  temperatures  reached  or  exceeded  the  temperature  at  which 
TNT  melts  (178°F)  within  the  four  minutes  of  sustained  Mach  2  flight. 
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Mach  Number 

Fig.  I  Performance  Envelope  of  Present-Day  Aircraft 


ON  STORE  (FLIGHT) 

fig,  2  Schematic  Showing  Extrapolation  of  Wind  Tunnel  Data  to  Flight  Conditions 
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fig.  3  Effect  of  Waff  Temperature  and  Reynolds  Number  on  Store  Heating  Rates 
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Fig.  4  Parameter  illustrating  Extrapolation  of  Wine 
Tunnel  Predictions  to  Flight  Conditions 
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m,c  Heating  Test  at  Edwards  AFB 


Fig.  6  Pre-Flight  Photograph  of  BD'J  with  Phase-Change  Paint  Applied 


Fig,  7  Post-Flight  Photograph  of  Phase-Change  Paint  after  Mach  2. 5  Flight 


Fig.  7  Continued 
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ABSTRACT.  (U)  The  PAVE  PENNY  Pod  installation  on  the  A-7D,  located 
only  18  inches  from  the  20  mm  M-61  gun,  places  it  in  a  very  intense  vibra¬ 
tion  environment  which  results  from  the  blast  pressure  fields  generated  by 
firing  the  gun. 

Test  level  development  is  traced  from  predictions,  to  flight  test  mea¬ 
surements,  to  laboratory  simulation. 

When  the  pod  was  subjected  to  the  predicted  gunfire  vibraHon  simulated 
by  discrete  frequency  sinusoidal  components,  severe  damage  to  the  pod  re¬ 
sulted.  The  decision  was  made  to  measure  in  flight  tests  the  vibration 
Input  to  the  pod  at  the  attachment  points.  These  data  indicated  a  better 
test  simulation  could  be  obtained  by  superimposing  four  sinusoids,  the  funda¬ 
mental  fire  rate  and  the  first  three  harmonics,  onto  a  broad-band  random 
background.  Although  the  pod  performed  well  during  flight  tests,  this 
laboratory  simulation  also  produced  pod  damage.  The  final  flight  data  in¬ 
cluded  response  measurements  on  the  internal  pod  structure.  These  internal 
responses  were  used  to  establish  response  limits  for  the  four  sinusoids  to 
complete  the  definition  of  the  gunfire  simulation  laboratory  test. 


“Approved  for  public  release;  distribution  unlimited." 
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INTRODUCTION 


The  Air  Force's  Target  Identification  Set,  Laser  AN/AAS-35(V)  (PAVE 
PENNY)  is  a  miniaturized  laser  acquisition  and  tracking  system.  Designed 
for  adaptation  to  a  variety  of  existing  and  future  aircraft,  this  advanced 
day/night  system  searches  for,  acquires,  and  tracks  laser  energy  reflected 
from  targets  designated  by  airborne  or  ground-based  observers.  For  com¬ 
plete  fire  control  capability,  the  system  can  be  integrated  with  aircraft 
avionics . 

In  the  development  stages  of  the  PAVE  PENNY  Pod,  the  Air  Force  chose 
the  A-7D  to  demonstrate  the  target  acquisition  capability  of  the  pod.  The 
PAVE  PENNY  Pod  installation  on  the  A-7D,  located  only  18  inches  from  the  20 
mm  M-61  gun,  places  it  in  a  very  intense  vibration  environment  which  results 
from  the  blast  pressure  fields  generated  by  firing  the  gun.  The  location 
of  the  pod  relative  to  the  gun  muzzle  is  shown  in  Figure  1.  It  was  apparent 
that  the  Air  Force  had  not  considered  these  effects  and  had  not  planned  on 
the  utilization  of  the  gun  during  the  demonstration.  The  evolution  of  the 
laboratory  qualification  test  representing  the  gunfire  vibration  environ¬ 
ment  is  the  subject  of  this  paper.  Test  level  development  is  traced  from 
predictions,  to  flight  test  measurements,  to  laboratory  simulation. 


Figure  1.  Left  Quartering  View  of  A-7D  Airplane 
Nose  Section  with  Pave  Penny  Pod  Installed 
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If  the  pod  was  to  be  procured  for  this  location  on  the  A-7D,  it  was 
obvious  that  the  gun  would  be  utilized  and  the  pod  would  be  required  to 
survive  the  intense  environment  generated  by  the  blast.  The  intensity  of 
the  vibration  environment  was  highlighted  by  the  LTV  environmental  qualifi¬ 
cation  specification  test  levels  for  equipments  on  the  aircraft  located 
within  four  feet  of  the  gun.  When  subjected  to  these  levels,  failures 
were  experienced  by  the  pod.  These  early  failures  and  Air  Force  predictions 
of  the  vibration  environment  prompted  the  Air  Force  to  complete  the  flight 
development  pregram  prior  to  firing  the  guns  or  subjecting  the  development 
pod  to  a  gunfire  vibration  environment  in  the  lab.  After  the  concept  of 
target  identification  was  successfully  completed,  the  guns  were  fired  in 
flight.  Failures  resulted  in  the  pod.  As  a  result  of  the  flight  failures 
and  much  discussion,  the  decision  was  made  to  conduct  in-flight  tests  and 
measure  the  vibration  input  to  the  pod  at  the  attachment  points.  These 
data  indicated  a  better  test  simulation  could  be  obtained  by  superimposing 
four  sinusoids,  the  fundamental  fire  rate  for  the  first  three  harmonics, 
onto  a  broad-band  random  background.  This  was  consistent  with  the  environ¬ 
ment  and  tests  promulgated  by  the  Air  Force.  Although  the  pod  performed 
well  during  flight  tests,  this  laboratory  simulation  also  produced  pod 
damage.  The  final  flight  data  included  response  measurements  on  internal 
pod  structure.  These  internal  responses  were  used  to  establish  response 
limits  for  the  four  sinusoids  to  complete  the  definition  of  the  gunfire 
simulation  laboratory  test. 


GUNFIRE  ENVIRONMENT 


LTV  GUNFIRE  VIBRATION  TEST 


The  A-7D  gunfire  test  was  empirically  drived  from  gunfire  vibration 
measurements  on  the  A-7D  aircraft  structure.  The  test  levels  depend  on 
distance  from  the  muzzle  and  are  entirely  periodic  vibration  composed  of 
the  discrete  frequency  sinusoidal  components  at  the  fundamental  and  each 
harmonic  of  the  gunfire  rate  up  to  2000  Hz.  This  environment  is  illustrated 
in  Figure  2  for  the  high  fire  rate.  The  peak  amplitude  of  the  fundamental 
was  10. 6g,  the  peak  of  the  first  three  harmonics  was  21g,  and  the  peak  of 
the  higher  harmonics  decreased  to  less  than  3g  at  2000  Hz.  The  environment 
excitation  was  generated  using  a  pulse  generator  to  produce  a  periodic  pulse 
train  having  a  repetition  rate  equal  to  the  gunfire  rate.  The  output  of 
the  pulse  generator  was  applied  to  the  input  of  the  vibration  equalization 
system  where  the  amplitude  of  each  component  in  the  spectrum  was  adjusted 
to  the  allowable  tolerance  of  the  desired  test  level.  The  overall  vibration 
level  waa  measured  after  passing  the  control  accelerometer  output  through 
a  2500  Hz  low  pass  filter.  Attempts  to  impose  this  periodic  gunfire  vibra¬ 
tion  testing  resulted  in  severe  damage  to  the  pod. 

FLIGHT  TEST  PROGRAM 

It  was  then  decided  to  measure  the  gunfire  vibration  environment  via 
an  A-7D  flight  measurement  program.  Three  seto  of  data  were  obtained  in 
the  program.  The  initial  set  of  data  was  obtained  at  Eglin  AFB  in  November 
1973.  Accelerometers  were  located  on  the  fore  and  aft  pod  adapter  plate  to 
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measure  Che  input  to  the  pod  at  its  mounting  points.  Accelerometer  locations 
are  illustrated  in  Figure  3.  The  primary  conclusion  from  these  data  and  an 
industry  survey  of  gunfire  environments  and  testing  was  that  the  gunfire 
vibration  environment  could  best  be  simulated  in  the  laboratory  by  super¬ 
imposing  four  sinusoids,  the  fundamental  firing  rate  and  the  first  three 
harmonics,  onto  a  300-2000  H2  broad-band  random  vibration.  The  resulting 
recommended  environmental  definition  for  the  vertical  direction  high-fire 
race  is  shown  in  Figure  4.  The  overall  grins  for  this  spectrum  is  30.3  as 
compared  to  the  predicted  environment  of  36  grins. 


Figure  2.  Cunfire  Vibration  Environment  (High  Fire  Rate) 
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Figure  3*  First  Flight  Test  Accelerometer  Locations 
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Figure  4 .  Pave  Fenny  Recommended  Gu.tiire  Spec  i  ticat  ion 
{High  Firing  Race) 


A  second  mt  of  data  was  obtained  from  a  series  of  flights  can due  ted 
in  February  and  March  1974.  Aceeleraaeters  were  mounted  |r?  the*' same  position 
as  the  previous  test,  on  the  fore  and  aft  adapter  plate.  These  data  indi¬ 
cated  that  the  levels  established  frcaa  the  initial  data  were  too  low  in 
both  the  sinusoidal  and  random  510*“ cions.  The  sin'isoid  amplitudes  were,  on 
the  average,  a  factor  of  two  Higher  and  the  random  roll-off  was  only  -3  d$/ 
oet  instead  of  -10  dti/oet. 


Ttw  third  set  of  data,- which  is  considered  to  be  the  most  valid  in  the 
development  of  a  qualification  test  for  she  ?AV?£  Fod  in  its  present 

location  on  the  A-7t>,  was  obtained  on  2?  March  19*4,  Tln-#e  data  were  ob¬ 
tained  with  sis  aceeJHfttofeecers  sounted  inside  the  pod.  kwten* v»ere 

located  In  the  gfshai  area  and  on  the  fore  and  aft  bulkheads  as  illustrated 
in  Figure  5.  Cishal  responses  were  measured  in  the  lateral  and  longitudinal 
directions,  lateral  responses  were  measured  cm  the  Hastes 'of.  tbs  forward 
bulkhead,  vert  leal  responses  were  measured  on  the  hot  tecs  of  the  si.  t  bulk** 
head,  and  vertical  and  lateral  responses  sew  measured  on  the  top  of  tlw 
forward  bulkhead  near  the  ittachsent  points. 


With  the  above  data  in  Hand,  and  the  fact  that  the  pod  per formed  well 
in  flight  Hut  not  during  vibration  tests,  the  declaims  was  made  to  conduct 
a  res|wnsc“  limited  qualification  tost  to  bettor  a isolate  the  in-?’ if  gist 
environment  in  the  vicinity  of  tbs  ssn#R  Sensitive  equipment.  Inputs  wore 
defined  at  the  pod  mount  point#  and  response  limits  were  established 
fro®  the  flight  data  obtained  on  the  bottom  of  the  fore  -i«d  ait  bulkheads. 
The  inputs  and  limits  for  the  fundamental  <190  Ha)  and  first,  three  Hansgnics 


are  defined  in  Table  I.  Limits  apply  only  to  the  sinusoidal  components. 

In  recognition  of  variations  in  gunfire  rates,  the  harmonics  are  varied  by 
± 15  percent  about  the  nominal  firing  rates.  The  inputs  are  notched  in  the 
vicinity  of  the  gimbal  resonant  frequency  unless  the  resonance  is  within 
5  percent  of  the  nominal  firing  rate. 
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Figure  5.  Accelerometer  Locations 

TABLE  I 
Test  Levels 


SINUSOIDAL: 


LATERAL 

(tGpg) 

VERTICAL  | 

(*Gpk)  1 

FREQUENCY 

(HZ) 

INPUT 

LIMIT 

FORWARD 

BULKHEAD 

INPUT 

LIMIT 

AFT 

BULKHEAD 

100 

3 

mam 

9 

9 

200 

ID 

n 

10 

10 

300 

17 

42 

25 

25 

400 

6 

24 

4 

15 

LONGITUDINAL 

<*OPK> 


NO 

INPUT  LIMIT 


RANDOM: 


i  . ZZE 

VERTICAL  AND 
LATERAL 

LONGITUDINAL 

1  G*.'HZ 
•3DB/0CTAVE 

0SG2/HZ 

4U9KJCTAVE 

DURATION: 


FREQUENCY 

(H«!> 

300-1000 

1000-20*3 


25  MINUTES/AXIS 

THE  LIMITS  PERTAIN  ONLY  TO  THE  SINUSOIDAL  PORTION. 


LAB  SIMULATION 


TEST  SETUP 

Simulation  of  the  response  limited  gunfire  environment  requires  con¬ 
siderable  electronics  because  the  sinusoids  must  be  generated  and  the  res¬ 
ponse  of  each  sinusoid  must  be  monitored.  A  flow  chart  illustrating  the 
technique  used  to  generate  and  limit  the  sinusoids  is  shown  in  Figure  6. 
Sinusoids  are  generated  by  the  harmonic  generator,  then  amplified  and  fed 
into  bandpass  filters,  one  for  each  of  the  four  harmonics.  The  output  of 
each  filter  was  fed  into  a  peak  g  detector  which  had  been  srt  previously 
to  trip  and  shut  down  the  shaker  if  the  filtered  acceleration  level  exceeded 
the  response  limit  for  its  frequency. 


RESPONSE 


Figure  6.  Aircraft  Gunfire  Vibration  Control  and 
Safety  Interlock 


LIMIT  SETTING 

Considerable  difficulty  was  encountered  in  setting  the  detector  cir¬ 
cuitry  so  tliat  it  would  trip  at  the  desired  level.  The  presence  of  random 
vibration  Introduced  enough  additional  response  to  invalidate  trip  levels 
set  under  pure  harmonic  excitation.  This  problem  was  overcome  by  increase 
ing  the  detector  time  constant  to  0.9  sec  and  resetting  the  time  levels  with 
random  vibration  present.  Final  trip  levels  were  set  with  the  instrumenta¬ 
tion  Installed  on  the  pod  (initial  settings  were  made  with  the  Inst rumen to 
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mounted  on  the  bare  fixture) .  It  was  also  necessary  to  set  limits  3  dB 
above  the  desired  trip  level  to  allow  margin  to  run  the  test  at  the  desired 
levels . 

An  additional  difficulty  was  imposed  by  the  requirement  to  sweep  ±15 
percent  about  the  nominal  frequency  while  keeping  the  inputs  and  responses 
within  the  desired  levels.  Trip  levels  were  set  at  the  frequency  within  the 
±1  '  percent  band  allowing  maximum  amplification. 

TEST  RESULTS 

An  R&D  PAVE  PENNY  (S/N  001)  was  exposed  to  two  series  of  tests  during 
august  and  September  of  1974.  The  first  utilized  an  electrically  functional 
pod  and  was  run  at  input  excitation  levels  matching  those  measured  in  flight. 
This  resulted  in  internal  response  levels  considerably  in  excess  of  the 
flight  data.  The  second  series  of  tests  was  conducted  utilizing  the  inter¬ 
nal  response  levels  as  limiters  and  adjusting  the  input  excitation  as  close 
as  possible  to  the  flight  test  data  without  exceeding  the  response  limits. 

A  chart  comparing  desired  inputs  and  limits  to  values  obtained  in  the 
se.ond  of  these  tests  is  presented  in  Table  II.  The  test  levels  were  estab¬ 
lished  by  increasing  the  input  until  the  response  limit  was  reached  or  until 
the  desired  input  level  was  reached.  Data  presented  in  Table  II  are  the 
maximum  values  recorded  in  the  tests  as  the  fire  rate  was  swept  through  a 
±15  percent  variation  of  fire  rate.  Beside  each  test  value  in  Table  II, 
the  fundamental  gunfire  frequency  at  which  the  maximum  occurred  is  recorded. 
The  effects  of  response  limited  inputs  are  illustrated  in  Table  II  in  the 
vertical  axis  -  high  fire  rate  data.  In  this  test  the  first  three  fre¬ 
quencies  are  response  limited.  Random  vibration  levels  are  low  due  to 
mechanical  shaker  limitations. 


TABLE  II 

Pave  Penny  Pod  S/N  001  Vibration  Test  Data  Summary 
Reflecting  Inputs  and  Control  Limits 
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Data  presented  in  Table  III  compares  flight  test  responses  to  labora¬ 
tory  test  responses.  Results  are  included  for  both  vertical  and  lateral 
axes  and  compare  data  at  locations  common  to  both  flight  and  test.  Instru¬ 
mented  locations  at  the  mounting  foot  and  bulkhead  were  the  basis  for  the 
test  inputs  and  limit  responses,  therefore,  there  should  be  good  correla¬ 
tion  and  there  is  at  the  mounting  foot  and  aft  bulkhead.  Correlation  at 
the  forward  bulkhead  and  roll  yoke  location  was  not  good.  This  could  re¬ 
sult  from  testing  Pod  /N  001  whose  structural  condition  has  deteriorated 
due  to  a  history  of  previous  testing. 

TABLE  III 


Test  Level  Comparison 


■ 

PULSE 

TEST 

RESPONSE  LIMITED 
SINUSOIDS  ON 

LATERAL AND 

RANDOM  BACKGROUND 

m 

FREQUENCY 

(HZ) 

VERTICAL 

<GPK> 

LATERAL 

(GpkI 

VERTICAL 

IGpk) 

HIGH 

too 

mmmm 

8 

7 

FIRE 

RATE 

200 

2 

7 

300 

17 

11 

400 

21 

8 

♦ 

LOW 

63 

10.6 

5 

7 

FIRE 

RATE 

13* 

21 

7 

8 

201 

21 

5 

20 

268 

21 

7 

3 

j  *OATA  IN  THE  NOISE  LEVEL 


The  reduction  in  the  low  frequency  input  is  summarised  in  Table  111, 
where  the  final  test  level  is  compared  to  the  early  pulse  test  predictions 
tor  the  first  four  frequencies.  In  eaeh  case  the  final  input  is  lower  than 
that  specified  for  the  pulse  test.  The  final  overall  gros,  however,  is 
comparable  to  Che  early  prediction. 

SUMMARY 

The  above  discussion  sum* rises  the  evolution  of  the  PAVE  PENNY  Gunfire 
Vibration  Environment  Qualification  Tests  and  the  test  results  on  the  R&D 
pod  demonstrates  tiiat  a  meaningful  response  limited  gunfire  vibration  test 
can  be  conducted  in  the  laboratory. 

The  vibration  input,  consisting  of  four  sinusoids  superimposed  over  a 
random  background,  simulated  the  gunfire  vibration  environment  seen  by  the 
PAVE  PENNY  Pod  when  carried  by  the  A~?D  aircraft.  The  sinusoids  were  at 
the  basic  gunfire  frequency  for  both  high  and  low  rates  of  fire  and  their 
harmonics.  The  high  gunfire  rate  sinusoids  arc  100,  200,  300,  and  400  Hz 
and  the  low  gunfire  rate  sinusoids  are  67,  134,  201,  and  268  tlx.  The  sinu¬ 
soids  were  swept,  synchronously  over  flS  percent  bandwidth  of  the  gunfire 
rates  and  their  harmonics  beginning  at  the  low  end  and  ending  at  the  high 


986 


limit.  Accelerometers  were  used  for  both  control  input  to  the  pod  in  both 
axes  and  for  response  limiting  in  the  vertical  and  lateral  axis. 

RECOMMENDATION 

Tests  based  on  inputs  only  can  produce  internal  responses  in  excess  of 
those  experienced  in  flight;  therefore,  when  aircraft  stores  are  exposed 
to  severe  gunfire  environment  as  is  PAVE  PENNY,  it  is  recommended  that  res¬ 
ponse  limited  qualification  tests  be  defined  based  on  in-flight  measure¬ 
ments  of  internal  pod  responses. 

It  should  be  pointed  out  that  the  Air  Force  has  the  only  vibration 
prediction  technique  to  date.  This  prediction  along  with  the  test  require¬ 
ments  are  contained  in  the  new  MIL-STD-810C,  Method  519.  Pod  response 
limit  is  unique  to  the  PAVE  PENNY  Pod  for  this  type  of  test.  Response 
limiting  tests  are,  however,  contained  in  810C  and  recognized  as  the 
acceptable  test  method  for  stores  when  vibration  tested  for  normal  environ¬ 
ments. 
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